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Responsible Federal Agency: Natlonal Aeronzufics and Space
Administration (NASA), Office of Manned Space Flight, Spéce
Shuttle Program

1. (X) Administrative Action ( ) Legilslative Action

2. The space shuttle is a plloted, recoverable, reusable
space trahsporﬁation system to provide rapid, easy, economi-
cal access to space. The shuttle can carry payldads of.upl
to 29,500 kilograms (65,000 pounds) inte orbit and return
them to earth. The shuttle will replace most present launch
vehicles and will greatly expand the Nation's flexibiiitj in
carrying out beneflcial space activitles. The space shuttle
- 1s expected to make its first orbital test filight in 1978,
to be operational before 1980, and to operate for many years
after that.

3. The potential for adverse prégram impact 1s small;
such impacts as are foreseen will be 1oca1,_short in dura-

tion, controllable, and environmentally acceptablef



L, Alternates to the space shuttle are more expensive
and are not better environmentally than the proposed pro-
gram.

| 5. a, Comments were requested from: CEQ, EPA, DOD,
DOA, DOT, HEW, HUD, DOI, DOC, OMB, State, AEC, NSF, and
FPC; |

b. Comments were recelved from EPA on the February

1971 draft. Comments were received from DOA; DOT, DOD,
DOC, DOI, HUD, HEW, AEC and EPA on the second draft state-
ment (April 1972). All comments were given consideration
in the preparation of this final statement.

6. The first draft statement, dated February 1971,
was sent to CEQ in March 1971. A second draft was prepared
because of modifications to the space shuttle configura-
tion and was sent to CEQ in April 1972. This final environ-
mental statement was made available to CEQ in July 1972.
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A. INTRODUCTION

Background

On Jdanuary 5, 1972, the President announced that the
United States should proceed at once with the deﬁelop-
ment of a new type of space transportation system, a
piloted reusable vehicle capableiof carry?ng large
paylbads to and from orbit. This, the final environ-
mental impact statement for the Space Shuttle Program,
is submitted by the Natlonal Aeronautics and Space
Administration (NASA) as 'required by the National
Environmental Policy Act of 1969 and the April 23,
1971, guidélines of the Council on Environmental
Quality (CEQ) én statements covering proposed Federal
actions that might affect the environment.

A draft environmental impact statement, describing

the concept then under cqnsiderétion for thé shuttle
program, was lssued over a year ago, on March 1, 1971.
Comments were réquested frdm the Council on Environ-
mental Quality, the O0fflice -of Management and Budget,
the Environmental Protection Agency (EPA), the Depart-
ment of Transpoftation, the Departmenf of Defense, and
the Department of State. The availlability of the

draft statement was announced in the Federal Register



on March 3, 1971.

Because of evolution of the shuttle concept since
preparation of the March 1, 1971, draft environmental

impact statement, and because of changes 1n the

- requirements for the preparation of impact statements,

a second draft statement was made avallable for
comments as prescribed by CEQ guildellnes, It detalled
the environmental implicafions of the development pro-
gram now approved and reflected the results of environ-
mental analyses and studles which have been undertaken
during the past several years. Thls final environ-
mental impact statement was prepared lincorporating

any addltlonal data necessitated by the review of the
draft. This final statement has been submitted to.

the CEQ and made available to the public.

This statement is limited to a treatment of the space
shuttle as a transportation system for rapid, easy
access to space for men and equipment, and covers the
environmental effects assoclated with its development
and eventual operations. When operational, the space
shuttle will be able to carry many different payloads
and to execute many different missions; if required,

separate environmental statements will be prepared for



those payloads which may have significant potential

environmental implications.

Program ObJectives and General Description

The space shuttle program objectlves are:

‘@ To provide the means for routine, quick reaction,

and economical access to and return from space
. needed for automated and menned civil.and mili-
tary uses of space in the 1980's and beyond.
® To reduce the cost of space operatlons sub-
stantially.
¢ To maintain an advanced U,S. space capability
and to encourage greater International partici-

pation in Space;

Development and operation of a épace shuttle will
assure that the United States wlll have a continuing,
effective presence in space. The space shuttle will

be a reusable épace vehicle which will carry out
various space misslions in earth orbit. It willl consist
of two stages. The first stage, or booster, will be

an unmanned solid fuel rocket. The second stage, or

orbiter, will look 1like a delta-winged airplane and

wlll be pilloted to orbit and back to earth for an

airplane-like landing.



On the launch pad, the orblter will be jolned to the
booster. Both the booster and orbiter engines will

operate together until an altitude of about 55 to 65
kilometers (approximately 30 to 35 nautical miles) is

reached.

The orblter with 1ts crew and payload then contlnues
on to earth orblt for missions lasting up to 30 days,
whlle the boosters return to earth to be recovered for
reuse, When the orbiter mission is completed, the
plloted vehicle will return to earth, landing like an

alrplane to be refurbished and reused.

Payload capability of the shuttle will be up to 29,500
kilograms (65,000 pounds). The shuttle will be used

to carry into space virtually all of the Nation's
civilian and military payloads: manned, man-tended,

or automated (Figufe 1A). These will include auto-
mated sclentific space probes and earth orﬁiting solar
and astronomical observatories. Applications payloads
will include earth resources, environmental sensing,
communications, meteorological, and geodetic satellites.
The shuttle will pfovide transpoftation for operational
and development payloads for the Department of‘Defense,
NASA, the National Oceanlc and Atmospheric Administra-

tion, and other users such as the Departments of
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Interior and Agriculture. It will also be able to
accommodate the future needs of commercial and inter-

natlional users.

It 1s estimated the shuttle will eventually carry out

.up to 50 space misslons per year. Approximately 30

percent of the missions will be for the Department of
Defense. About 80 percent of the missions will be to
deploy, service, or recovér automated satellite pay-
loads. All the classes of missions currently being
flown on existing launch vehicles ranging in capa-
blllty from Thor-Delta up through Saturn IB will be
carried out with the space shuttle which will there-
fore replace most of the single-use expendable launch

vehlcles now 1in use.

The National Aeronautics and Space Administration

plans to develop the space shuttle over the next six
years. Horizontal test flights are to begin in 1976,
orbital test flights in 1978, and the complete space
shuttle vehlcle 1s expected to be operational before

1980,

Shuttle Benefits

Through 1ts many earth applications and its effect on
the economy, the space program has favorably benefilted

many segments of the Nation - science, commerce,

6




industry, education, agriculture, aviation, communi-
cations, ecology, medicine, and national security.
Advances 1n technical fields have been stimulated at
an unprecedented pace.and have been a significant
factor in helping the Uﬁited States to maintain a
~position of technological leadership.

Continued space activities can yileld significant long-
term improvements to 1ife.on earth., To achie#e these
improvements, it is first necessary to operate more
economlically in space so that 1ts full utllization
will be possible within the.larger context of other
‘_national goals and programs. The shuttle will reduce
the cost of space transportation by providing a
reusable system with a flexlble launch rate capabiiity
and a short turn-around time. 1In addition to the
transportation savings, very significant economies
will be realized in reduced payload costs due to
relaxed welight and volume constraints, capability to

revisit and return payloads for repair and reuse, and

safe, intact abort of payloads.

Environmental quallty stands high on the iist of
potential beneficlaries of the space shuttle program.
Earth sensing and the corcllary data analysis tech-
‘nologles are today largely stlll undergoing development



but already show much promise in monitoring air and
water pollution, land-use patterns, and other factors
comprising ehvironmental quality. Development and
operation of the space shuttle, because of its capa-
billity of reducing costs and ilncreasing flexibllity,
vwill fogster the applicatlon of earth sensing tech-
nologlies to the monitoring and control of environ-

mental quality.

The same technologiles can be applied to the improved
management of the earth's resources, both renewable
(e.g., food) and non-renewable (é.g., minerals), and
extensive research and development in these applilca-
tlons is underway. Operatlon of the space shuttle
will greatly contribute to conservation and wise
utilization of these finite, and, 1ln some cases,

dwindling resources on a national and a global basis.

The shuttle wlll contribute to conservation of resources
in yet another way. Reusability of nearly all the
shuttle components and of the satellites and other
payloads wlll reduce the consumption of structural
metals, such as éluminum, steel; and titanium, and the
valuable auxlllary materials, such as copper, silver,

and gold, all used 1ln current expendable launch



vehicles and thelr satellite payloads.

‘ These benefits can be obtained at reasonable costs.

Monetary costs are detalled in Appendix A, where it
1s shown that savings resulting from the reduction of

.operating costs of the shuttle below those of current

methods will more than pay the costs of shuttle develop-

ment.

Environmental effects are summarized in the following
sections. They are shown to be highly localized, of
short durafion, and controllable. Where the possi-
bility of some detrlimental environmental impact exists,
operational constraints will be impbsed to preclude or

minimlize these impacts.

Space Shuttle Configuration (see Figure 1B)

Orbiter. The orbiter will be approximately 36 meters
(120 feef) long and have a wing spread of 23 meters
(75 feet). It will welgh about 91,000 kilograms
(200,000 pounds) at launch. The manned orbiter will

be propelled by three high pressure liquid hydrogen-

liquid oxygen engines, each providing a thrust in
space of 2,090,000 newtons (470,000 pounds). Fuels

for these engines wlll be carrled in &n expendable

external propellant tank attached to the orblter and

Jettisoned when orbit has been achleved.

9
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The crew of the orbiter will consist of a pillot,
co-plliot, systems monltor, and payload speciglist.
The shuttie orbitér wilil experiénce a maximum load
factor of 3 g's during launch and reentry and will
have a cross-range maneuvering capability sufficilent
to permit return to the launch site after one orbital

revolution.

»

Booster. The booster wiil consist of two solid-fueled

rocket motors of approximately 13 million newtons (3
million pounds) thrust and weighing 635,000 kilograms
(1.4 million pounds) each at launch. The solid rockets

- will burn out and be Jettisoned at an altitude of about

55 kilometers (30 nautical miles) while the orbiter
engines continue burning to carry the orbiter into-
space., The boosters wlll be decelerated in their

descent by parachutes and/or rockets for landing in

the water from which they will be recovered for refur-

' bishment and reuse.

Mission Seqguence and Environmental Effects

Normal space shuttle missions will commence wlth the
launch, during which both booster and orbilter rocket
motors are operating. Environmental factors in this

phase are the possible short-duration effect§ on air

11



quality and the rocket-generated nolse. During the
ascent, a sonic boom occurs some dilstance down range.
After burnout of the two booster motors, they are
Jettisoned and they reenter the atmosphere for recovery
about 185 to 370 kilometers.(loo to 200 nautical miles)
doﬁn range from the launch site. Sonic boom 1s a

factor during booster reentry.

The orbiter contlnues on into orbit and its liquid
hydrogen/liduid oxygen main propellant tank is Jetti-
soned when empty. This tank 1s disposed of in a pre-

determlned isolated ocean area.

No negative environmental factors have been identifiled

with shuttle earth orbltal operations.

Upon completion of the mission in orbit, orbiter retro-
rockets will be fired and the orbiter will then reenter
the atmosphere, maneuver to the desired landing site,
and land, Sonlc boom is the chief environmental effect
of the orblter that must be considered during the

return phase.

Abort situations conceivably could occur at launch,
during ascent to orbilt, in orbit, and during reentry,

and their possible environmental effects are considered

12




‘herein. However, aborts are deemed to be highly

improbable; In any case, the environmental implications

of such abort cases are of limited extent and duration.

Geographic Location of Program Activities

. The initial launch and landing site will be at the

Kennedy Space Center, Florida. Thils site will be

used for research and development launches, expected
to begin in 1978, and for all operatienal flights
launched into easterly orbits. Facillities for all
shuttle users at KSC wili be provided by NASA, largely

‘through modifications of existing facilitles bullt for

- the Apollo and other progranms.

Toward the end of the decade, 1t is planned that a-
second operational site will be phased in at Vandenberg
Air Force Base, California, for shuttle flights requir-

'ing high inclination orblts. The baslic shuttle faciii-

ties required at Vandenberg are planned to be provided

by the Department of Defense.

Booster development respogsibility rests with the

Marshall Space Flight Center, Alabama, and that for
the orbiter rests with the Manned Spacecraft Center,
Houston, Texas. Development and testing activities

wilil be carried out at these and othe: locations.

13



Rocket englne tésting will be conducted in remote
areas so that the nolse and exhaust products can be
adequately dlspersed and controlled. For example,
testing of the orbiter main engines will be carried
out at the existing NASA Misslsslppl Test Facility,
Bay St. Louls, Misslissippi.

Environmental factors were carefully considered in

the selection of these sites. The sites have sufficient
control area surrounding them to eliminate any adverse
effects on inhablted areas, persons, or property from
noise or pollutants resulting from launch or testing
activities. An important consideration in launch and
landing site selectlon was the desire to minimize the

effect of the sonlc boom on populated areas.

Environmental impact statements for NASA activities

at these installations are already 1in exlstence.*

¥rInstItutional Environmental Impact Statement," John F.
Kennedy Space Center (including operations in Florida and
at Vandenberg Air Force Base, California), dated August 11,
1971, submitted to the Council on Environmental Quality,
September 29, 1971. ‘

"Draft Environmental Impact Statement," Marshall Space
Flight Center, dated February 1971, submitted to the Council
on Environmental Quality, March 12, 1971.

"Environmental Impact Statement," Manned Spacecraft Center
and White Sands Test Facllity, dated July 1971, submitted
to the CEQ, September 29, 1971, ’

14




Detalls of any significant environmental effects
at these locatlons, including social, cultural, and
demographic effects, will be provided, if necessary,

in amendments to those statements.
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B. POSSIBLE ADVERSE CONSEQUENCES

Of the environmental effects mentioned in the preceding
sectlon and further detalled in Section C, three may
have some potential of adversely affecting the environ-
ment. - These three are: (1) air pollution, (2) sonic
boom, and (3) orbiter tank reentry. These and the
meﬁsures to be taken to preclude or alleviate these

effects are described below:

1. Alr Pollution

Emissions of hydrogen chloride (HCl1l) from the solid
boosters may create potentially hazardous conditions 1in
the i1mmediate vicinity of the launch site for a short
period of time. Extenslve theoretical calculations and
some measurements made of solld rocket launches indicate
that concentrations at ground level beneath the exhaust
cloud are well below the maximum allowable 10-minute
concentrations for man, and that the principal concern
in the case of normal launches 1s the possilbility of
rain scrubbing out the HCl from the exhaust cloud in

concentrations sufficient to have an adverse effect.

This same potentlal exists for the currently operational
Titan III system. Standard operational procedures have

been adopted that defer launches if weather conditions

16




aré such that the predictions of exhaust cloud concen-
trations, movements, and weather indicate unacceptable
conditions. The succeés of these precautions is demon-
strated'by the launching of all twenty Titan IITI vehicles
to date without incldent. Similar operational constaints
wiil be imposed on space shuttle launches to eliminate
the possibility of unacceptable HC1 concentrations in

the air or on the surface. Fu;thermore, the'launch

site evaluation included full consilderation of HC1
emissions; the launch facilitiles will be laild out to
ensure that any hazard potential is minimized.

In the event of on-pad fire or low-level aboft of the
booster with all the solid propellants consﬁmed in the.
resulting fires, concentrations would be higher than

for normal launches, but still within the allowable
limits. Based on the demonstrated reliability of man-
rated launch vehicles to date, and considering the space
shuttle design, inspections, and quality control require-

ments, such an abnormal event 1s considered very unlikely.

2. Sonic Boom

As in other space launches, the shuttle launch imposes
2 focused sonic boom. It will be limited to a narrow
area about 60 kilometers (33 nautical miles) down range

from the launch site which may result in oVerpressures

. 17




reaching as high as about 1,400 newtons per square
meter (N/m?)(30 pounds per square foot, or psf). As
this gets lnto the range of overpressures that could
possibl& damage structures, the launch site and mission
trajectories have been chosen so that the boom will
occur over the ocean. There will be some constraints
on the economic or recreational use of that limited
ocean area durlng a launch period. As in thé case of
currenﬁ launches, warning notices will be issued prior

to shuttle operations.

Further down range over the open ocean, the reentering
booster willl cause a small sonic boom of about 144

N/m® (3 psf). This boom affords no hazard and further
will occur over an ocean area already identified 1in
advance of each shuttle operation as the booster recovery

and return area.

Orbiter reentry sonic boom will not reach levels greater
than about 48 N/m° (1 psr) exéept for a very small region
where it will approach 96 N/m2 (2 psf). Return tra-
Jectories will be controlled to avoid increases or
focusing above this level over land. Based on the infre-
quent shuttle flight schedule and the low upper limit

of thls overpressure, the orbiter reentry sonic boom

18



;will not present a hazard.

3. Orbiter Tank Reentry

Both the spent booster andvorbiter propellant tank will

reenter the atmosphere during the course of each shuttle
mission, The booster will be designed to be reused,

and will thus be parachuted to a landing in the ocean

at sufficiently low impact velocitles to ensure survival

and recovery.

The orbiter tank will be made to reenter and drop in a
predetermined, rembte ocean 1oeétion away from commercial
shipping lanes, fishing grounds, or recreational area.
The orbiter tank_will probably break up during atmos-

pheric reentry. Appropriate wérnings willl be issued.

orblter tank explosion and fire should propellants stiil
be present. During the early phase of launch, when
large amounts of propellants remain, the affected area
would be the normal down range area already treated as
hazardous because.of booster reentry. At later stages
of the launch, much propellant would have been consumed
and any abort-induced reentry would be 1like that of the
normal mission. Should the tank retrcrocket faill to

fire in orblt, the tank would undergo uncontrolied

19




reentry and disintegration much as does orbital debris
which currently reenters periodically. The extent of
this hazard has been considered and 1s small based on

world-wide experience to date.

20




C. ENVIRONMENTAL EFFECTS

1. General

The felationship of the NASA space shuttle program to
the environment 1s consldered below covering the effects
of exhaust emissions on alr quality, the possible role

of pfopellants on water quality, the question of engine

noise, and the management of sonlic boom. The questions

of land use and cultural, soéial, and demographic
effects are difectly related to the sites of program
activities and will be separately and fully treated as
necessary in institutional environmental impact state-
ments. Solld waste management 1s not considered toc be
a problem. No radioactive materials are planned to be

used.as part of the space shuttle transportation system.

2. Air Quality

Source and Nature of Emissions. . The space shuttle flight

system will be powered by chemlcal rocket engines. These

'engines operate by the combustion of a fuel and selif-

contained oxldizer. The types of propellants to be used
by the shuttle gare listed in Tables 1A and 1B. The pro-
ducts of combustion exhausted from the rocket nozzle may '
include compounds and molecular specles which are nct

stable at amblent conditions, or which may react with

21



Table 1A
SUMMARY OF PROPELLANTS, LIQUIDS AND GASES

Booster Main Propulsion Kilograms
Solid Propellant/Polymer Oxidizer Aluminum 1,090,000

Orbiter Main Propulsion System

Liquid Oxygen (LOX) 558, 000
Liquid Hydrogen (LH,) 95, 300
LOX/LH, Tank Retro-focket (Solid Propellant) 1,300

Orbit Maneuvering Propulsion System 1/ 2/

AV=305 meters/sec twm£7é3 meters/sec

Nitrogen Tetroxide (N 04)(kg) 6,930 14,860
Aerozine-50 (A-50) (kgf 4,330 9,290
Helium (kg) 17 36

Orbiter RCS Fluids and Gases 2/.

Biopropellant or Monopropellant:
Helium 14 kg Helium ' 27 kg
Monomethyl Hydrazilne '
Hydrazine (MMH) 1,060 kg (N2H 4) 3,450 kg
Nitrogen Tetroxide
(N0 4) 1,700 kg
Orbiter Hydraullec System: 215 Hydraulic Fluid (MIL-H-

83282)., Estimated loss of 5% per
mission through external leakage.

Orbiter Auxiliary Power Unit (APU): ZLubricant - 27 kg

change out every misslion

Helium - 9.1

Hydrazine - Bg% kg
Orbiter Fuel Cell Reactants: 2/ Oxygen - 658 kg

Hydrogen - 79.5 kg

Orbiter Alr Breathing Engine System:

JP ‘
Space Mission 0 to 2,270 kg
Ferry (airport-to-airport) Up to 22,700 kg at

takeoff

%/These figures span the range of anticipated on-orbit change
n velocity (AV) requirements.

g/Normally expended in space. Any residuals after landing
will be contained for disposal.

22




Table 1B
SUMMARY OF PROPELLANTS, LIQUIDS AND GASES

Booster Main Propulsion Lbs,

Solid Propellant/Polymer Oxidizer Aluminum 2,400,000

Orbiter Main Propulsion System

Liquid Oxygen (LOX) | | 1,230,000
Liquld Hydrogen (1LH.) 210,000
LOX/TH, Tank Retro-focket (Solid Propellant) 2,900

Orbit Maneuvering Propulsion System 1/ 2/
AV=1,000 fps AV=2,500 fps

Nitrogen Tetroxide (N Oh)(lbs.) 15,282 32,721
Rerozine~-50 (A-50)(1bS ) 9,552 20, 451
Helium (1bs.) 37 79

Orbiter RCS Fluids and Gases 2/

Biopropellant : or - Monopropellant
Helium 30 1ibs. Helium 60 1bs.
Monomethyl . _ Hydrazine

Hydrazine (MME) 2,340 1bvs. (NéHu) 7,600 1bs.
Nitrogen Tetroxide : :
(Ngoh) 3,740 1bs.

Orbiter Hydraulic System: 474 1bs. Hydraulle Fluid (MIL-H-
: _ 83282), Estimated loss of 5% per
mission through external leakage.

Orbiter Auxiliary Power Unit (APU): ZIubricant - 60 1bs.

' change out every mission
Hellum - 20 1bs.
Hydrazine - 1,820 1bs.

Orbiter Fuel Cell Reactants: g/ Oxygen - 1,450 1bs.
) Hydrogen - 175 1lbs.

Orbiter Air Breathing Engine System:

JP .
Space Mission -0 to 5,000 1lbs.

Ferry (airport-to-airport) Up to 50,000 1bs. at
_ takeoff

;/These figures span the range of anticipated on-orbit range
in velocity (AV)requirements.

2/Normally expended in space. Any residuals after landing will’

Pe contained for disposal.
23



the ambient atmosphere. Knowledge of the detailed com-
position of rocket exhaust gases 1s based on thermochemical
calculations and confirmed by thrust measurements and
rbcket blume studies. MaJjor chemical specles emitted

by the space shuttle rocket englnes are listed in

Table 2.

Of the majJor exhaust constitqents, carbon monoxide (CO),
hydrogen chloride (HC1), and alumimum oxide (A1203)

could be classified as air pollutants. Though the

carbon monoxide will generally completely oxldize to
carbon dioxide in the plume at low altitudes(l)*, it 1is
retained in the following discussion for conservatism,
The molecular welghts and maximum allowable concentra-
tions for a 10-minute, emergency exposure of 1ndustrial
workers (MACIO) for CO and HC1 as recommended to military
and space agencles by the Committee on Toxicology,

National Research Council(z) and for A1203(3), are listed
in Table 3.

In the upper atmosphere, water and carbon dioxide may
be consldered as potential poilutants due to their low
natural concentratlion, and their possible influence on

the earth's heat balance and on the ozone and electron

*Numbers in the superscript parentheses are references,
see Appendix B.
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Table 2
Exhaust Products
Percent by Welght

Product o ' CEe e
Solid RockeT Motor , - Welght %
HC1 20.90
Cl2 ' 0.06
CcoO 24,37
No 8.50
H-0 10.39
Ho _ 2.11
CcO : 4,32
CH & H 0.02
Solid Particulates
Aluminum Oxide . 28,34
Aluminum Chloride 0.02
Iron Chloride . 0.97
. 100.00

Orbiter Main Propulsion

0 100.00
- Trace

Auxiliary Power Unit

NH, 28.0
N 28.0
i | 44,0

: 100.0
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Table 3
SELECTED ROCKET ENGINE COMBUSTION PRODUCTS
MOLECULAR WEIGHTS AND 10-MINUTE MAXIM?M %L?OWABLE
CONCENTRATIONS (MAC,,) FOR MAN 2)(3)

Fuel Molecular MAC
Component Weight 10

o | 28.01 1,500 ppm

“HC1 36.47 30 ppm

Al,04 101,94 50 mg m-3
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-econcentration. The dispersion characteristics within

selected layers of the atmosphere are shown in

Table 4.(4)(5)

The distribution of combustilon products into these layers

for the space shuttle is shown in Tables 5A and 5B.

Environmental Effects - Flight Operations, In a normal

launch, the exhaust productS'are distributeé along the
vehicle trajectory (for about 135 seconds for the
booster and about 8 minutes for the orbiter). Due to
the acceleration of the vehicle; the Quantities emitted
per unit length of trajectory are gfeatest at ground

level and decrease continuously along the fiight path.

To permlt assessment of potentlal air pollution from a
normal launch, the amounts of €0, HC1l, an
resulting from- -the normal launch of a space shuttile havé-
been calculated. The motion and diffusion of the exhaust
cloud rising from the launch pad after launch is calcu-
lated for the appropriate exhaust products and atmospheric
conditions.(6)(7) The result of most importance 1is the
history of the concentration of the pollutant at ground

level downwind of‘the launch point shoﬁld wind currents

move a portion of the cloud to the ground; Results for
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;the three pollutants‘are shown in Figures 2, 3,Aand L,
respectively. In each case, threevalterﬁétive meteor-
ological conditions characteristic of the Kenriédy Space
Center are used to show the dependence upon wind and
temperature appropriate to different seasons. Similar
effects are expected at Vandenberg Alr Férce Base,
These conditions are those which generally produce the
largest predicted concentraﬁions of pollutants at
ground level. _In all normal'launcn cases, the péak
concentrations are well below the applicable maximum
allowable 10-minute concentration levels shown in

Table 3.

From the point of view of potential air pollution, the
worst case accident would be a pad abort with completé
burning of all solid rocket propellénts on the pad.
Exhaust cloud concentrations of CO, HCl, and A1203

have beén calculated as a function ofndistance'down-
wind of the launch pad for this abort case by the method
descrived previously, and fhe rééults are shown in
Figures 5, 6, and'7(6)(7), respectlvely. The figures
show that peak concentrations are about 5 to 10 times

larger for this case than fbr the normal launch, but

would still be below the 10-minute maximum a2llowable
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concentration levels of Table 3 for distances beyond
300 to 400 meters (1,000 to 1,300 feet), well within

the controlled area.

Additional criteria have been developed for the general
public for exposure to hydrogen chloride.(8) Guldes

for hydrogen chloride are:

Concentration Effect
1~ 10 ppm . Odor threshold
5 - 10 ppm Disagreeable or
irritating
Concentration Recommended Limlt
4 ppm 10-minute public limit
2 ppm 60-minute public limit

These concentration levels are tlme-welghted averages -
considered to present no health hazards. Excursions
above these levels are likely to produce objectionable
odors and/or irritation. Although at some locations
downwind the recommended limits for 10- and 60-minute
exposures may be exceeded briefly for a pad abort (see
Figure 6), the time dependence of the concentration at
these locatlons is such that the time-averaged concen-
tration 1s less than the recommended limits for the

specifled periods of time.

The ability of space shuttle operations to meet the
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.National Primary and Secondary Ambient Air Quality
Standards has‘been evaluated. For CO, the peak concen-
tration of approximately 8 parts per million which
would be reached for the order of a few minutes in the
case of a pad abort (Figure 5) is well below the 35 |
parts per million maximum one-hour concentration ‘
allowed.(g) For A12O3 which 1s regarded as an inert
particulate only(lo), the peak concentration of approxi-
mately 9 milligrams per cubic meter downwind at the
surface (Figure 7) appears greater than.the National
Secondary Ambient Air Quality Standard for particulates
of 0.15 milligrams per cubic meter - maximum 24-hour

concentration.(9) However, the peak concentration

would persist for the order of a few minutes only.

concentration for the pad-abort situation depicted would
fall below the standard. There 1s presently no National
Priméry and Secondary Ambient Air Quality Standard for
HC1l. As described in the paragraph above, the timé-
averaged concentration is less than the public limits

recommended by the National Academy of Sclences/National

Research Council,(8)

The particulate deposition of A1203 has also been con-

sidered. While a large fraction of the Al,0g is
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.generated at altitude, eventual settling of all of the
Al,0q4 to the ground was presumed. The areas immediately
surrounding the solid rocket motor test sites, the
léunch'pads and that overflown by the shuttle during
ascent are the only areas repeatedly affected. The

test sites and launch pads are controlled areas; the
deposition of the 1nert A1203 ls a nuisance.only which
willl be accommodated through- proper design. The

average value of Al deposition 1in a typical launch

203
corridor was calculated. At a flight rate of 50 per
year, the fall out would be approximately 0.0058 kilo-
grams per square meter (0.0012 pounds per square foot)
per month. Since the trajectories of all space shuttle
launches willl largely be over the ocean, no signifi-
éant fall out on land is envisioned and the‘fall out

levels are too small to be of slgnificance for the

ocean.

The National Academy of Sciences/National Research

Council Report(8) summarizes the known effects of HCl
on wildlife. The effects of even the predicted peak
ground level concentratlons of 9 ppm for a pad abort

(indicated in Figure 6) are nil.




-HC1 is reported(g) to be of only minor concern as to

its effects on vegetation in comparison to other phyto-
toxic air pollutants such as ozone, hydrogen fluoride

aha ethylene. The threshold of injury is apparently

5 to 10 ppm if continued for a few hoﬁrs. In the space
shﬁttle worst case situation (a pad abort), this
threshold limit would be reached (Figure 6) for the

order of a few minutes and only in the immediate environs

of the pad itself.

- It should be noted that, since the outset of the manned
spaqe program through April 1972, 100 per cent of

the NASA manned-rated launch vehicles have been success-
ful through first staging. It is expected that the
reliability of the booster and orblter will be as good

as that demonstrated to date by manned launch vehicles.

‘Upper Atmosphere Effects. No adverse atmospheric

"pollution effects of shuttle operations are foreseen in
the troposphere (the region of the atmosphere up to
about 10 kﬁ) because of the short residence time of
particulates and the rapid mixing with the ambient
atmosphere of shuttle-produced water vapor and gases,
except for HC1l scavenging by rain in the atmospheric
boundary layer (i.e., from the surface of the earth

up to approximately 1,000 meters).
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“The stratosphere (the reglon of the atmosphere between
about 10 km and 50 km), because of its temperature
increase with altitude, is relatively stable compared
ﬁith tﬁe unstable troposphere. Consequently, the
dispersion time of gases deposited in the stratosphere
may be up to two years or more as compared to a dis-
persion time of days in the troposphere. The strato-
‘sphere contains the major atmospheric gases, oxygen
and nitrogen, plus natural quantities of the minor
constituents - carbon dioxide, water vapor, ozone,
aerosols, sulphates, nitrates, and other trace gases

and elements.

The possible short- and long-term effects upon the
radiation balance of the earth because of increased
absorption and scattering of radiation that might result
from large increases in carbon dioxide and water vapor
in the stratosphere were the subject of a recent speclal

study(ll)

of critical environmental problems. The study
examined very high levels of carbon dioxide and water
vapor in the stratosphere and concluded there was no
evidence of damaging environmental effects. At a

flight rate of 50 missions per year, the shuttle would

emit less than one ten-thousandth of the annual amount
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. of CQ2 and water vapor that the study had found to be

acceptable; no negative environmental effects in the
stratosphere are expected as a result of shuttle opera-

tions.

The cited study also consideréd the effect of strato-
spheric particulates. If particulates that have
residence times on the order of years were constantly
added to the stratosphere, éhere would be an increase
in stratosphefic temperature. The shuttle particulates
(A1203) are expected to range from about 1 micron up

to 40 microns in diameter with an average diameter of
approximétely 10 microns(lg), for which the residence

time will only be on the order of a few days. Thus,

the shuttle particulates are not expected to influence

stratospheric temperature.

The mesosphere (the regioﬁ of the atmosphere between
about 50 and 80 km) has a good characteristic mixing
rate and therefore the small amount of shuttle engine
exhaust by-products (Table 5) deposited in this region
will have an insignificant environmental effect. Only
water vapor is emitted to the thermosphere (above 105 km),

and the total amount which would be introduced assuming
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50 missions each year is about one ten-thousandth of

(13)

the amount present naturally at these altitudes.

Hydrogen chloride emissions have a potential of pro-
ducing a change in the ilonization of the D and E
regions of the ionosphere. Only the orbiter hydrogen/
oxygen (HO) tank retrorocket will produce HCl1 emissions
in this region, and only 274 kilograms (600 pounds) of
HC1l per flight will be emitéed above an altitude of

67 km. The effects of emissions of this quantity on

the ionization level are l1nsignificant.

There are two emissions tc consider during the upace
shuttle orbiter reentry. One is due to the effect of

the orbiter shock wave on the air that produces nitric
oxlde. The other 1s the ablation of the thermal pro-
tection materials that produces carbon and silicon.

These will be produce 1in the upper mesosphere at altitudes
of 65 to 85 km (approximately 35 to 46 nautical miles).
The vehicle 1is expected to produce less than 6,000
kilograms (approximately 13,000 pounds) of nitric oxide
and less than 4,000 kilograms (approximately 9,000 pounds)
of carbon and silicon per flight.

Current models of the atmosphere in this region indicate

Ly




that this nitric oxide would be'dispersed and destroyed
within ten days. The carbon and slilicon diffuse down-

ward to the earth.

‘The possibility that ionizatlon, induced in the shock

layer during orbiter reentry and rémaining in the wake,
may be sufficient to create a significant effect on
telecommunications or in solar-terrestrlial relation-
ships is under study. Estimates indicate that lon

recombination to background levels will occur within

one day.

Environmental Effects - Engine Tests. Engine tests

differ from normal launches in that all of the pro-
pellants used ére consumed at ground level. For the
solid rocket motors, this case can be no worse than
the worst case abort treated in the previous section,
and the pollutant concentrations would be at worst

equal-tb those of PFigures 5 through 7.

A11 1iquid propellant rocket engines used in the space
shuttle are subjected to acceptance firing tests. The
quantity of propellant consumed in these tests is in

the range of one-quarter to twice the propelliant con-

sumed in flight, typically about one-third. Also,
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research and developmental actlvities result in the
consumption of propellants at a simllar level. For

the orbiter main propulsion system, the product of
combustion 1s water vapor. Tests of the other smaller
enginés used by the space shuttle would have no signifi-
cant effects due to the small amount of emittants pro-

duced (Table 1).

Engine acceptance tests are performed at relatively
remote sites, and accéss to the sites is controlled.
Suitable precautidns are taken to ensure the safeﬁy
of the test crew, including rémote operation and pro-

tective equipment.

Environmental Effects - Effects of Rain. In addition

to dispersal by air currents, possible precipitation
(rain) scavenging of HC1l from the solid rocket exhaust
| (7)

" cloud has been analyzed. This phenomenon may occur
only 1f the space shuttle 1s launched duriné rain
showers or if such showers occur along the first 100
kilometers (54 nautical miles) of the downwind tra-
Jectory of the elevated ground cloud of the exhaust
products. If this trajectofy is over water rather
than land, theré are no potential harmful effects

because of immedliate dilution. For the over-land

trajectorles of the exhaust cloud, the possible harmful
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effects of rain containing HC1 will be analyzed prior
to each firing. If the calculations predict unfavor-

able conditions, the launch will be postponed.

3. Water Quality

Source and Nature. With planned recovery of all

elements of the space shuttle except the orbiter tank,
the potential impact of the program on water quality
is 1imited to: ’
© On—pad accidents and propellant spills which
may result in run-off of propellants to local
drailnage systems
e In-flight failures which may result in vehicle
hardware énd propellant landing in the ocean
® Controlled reentry of spent booster and
orbiter hydrogen/oxygen tanks (treated

separately in this statement)

Provisions’such as dikes, catch basins, etc., are made
for containing on-pad spills and disposing of the
spilled propellant without contaminating the water (or
air) environment. On-pad vehicle failures would
normally be expected to result in a fire that consumed
most or all of the propellants, and, thus, have been

handled in the section on air quality. Any unconsumed

by



propellant would be treated in the same way as a

spiil.

Impact on the Environment. Potential sources of

pollutants to the marine environment and the major

pollutants are:

Hardware - Heavy metal lons and
miscellaneous compounds

Solid propellants - Ammonium perchlorate

Liquid propellants - Monomethyl Hydrazine,
ngq, Aerozine-50,
N>Oy

Lubricants, hydraulic- Hydrocarbons

fluid

Possibilities of water pollution are primarily asso-
ciated with toxic materials which may be released to
and are soluble in the water environment. Rocket
propellants are the dominant source of such materials.
A secondary consideration relates to oils and other
hydrocarbon materials which may be essentially
immiscible with water but, if released, may float on
the surface of the water. Quantlties of hydrocarbons

used are small (Table 2).

Jettisoned or reentered hardware will corrode and

thus contribute various metal ions to the envlironment,
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The rate of corrosion is slow in comparison with the
mixing and dilution rate expected in a marine environ-
ment, ahd, hence, toxic concentrations of metal ions
are not expected to be produced. The miscellaneous
materials (e.g., battery electrolyte, hydraulic fluid)
ére present in such small quantities that, at worst,
only extremely ;ocalized and temporary effects would

be expected.

The chief pofential for water pollution is the pro-
pellants, and since in a normal launch essentially

all propellants or propellant products are injected
into the atmosphere and the hardware is recovered
(except for the orbiter tank), the case of abnormal
launch is considered. In the event Qf an in-flight
failure in the.éarly stages of flight, the booster

and orbiter tank would probably impact intact. The
orbiter would be expected to separate intact and return

to the launch site.

Tables 6A and 6B show the amounts of propellant remain-
ing in the booster and orbiter at various times during
the ascent phase, and thus potentilally available for
release to the environment at that point in normal

. flight or following an abort. Shown also are the down-

range location of the corresponding impact points.
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The solld rocket booster propellant would continue
to burn with the products of combustion as listed in
Table 2 being dispersed into the air or absorbed
into the ocean water. Any unburned solid propellant

would slowly disperse.

Table 7 shows the estimated maximum allowable concen-

' (10) (14)
trations (MAC) for the chemical species of concern.
The values in Table 7 are estimates fér trout and are
not expected to differ significantly for many fish
specles. Threshold Limit Values in air for man are

shown for comparison. Critical materials are hydrazine

and Aerozine 50.

Impact of the orbiter tank would release liquid hydrogen
and liquid oxygen which would burn or evaporate rapidly
into the atmosphere. The two‘pric materilals (iow
maximum allowable concentration), hydrazine and Aero-
zlne 50, are contained in the orbiter only, and would

be returned to the launch site. However, if the orbiter
were forced to abort to a water landing, these materials
would enter into the water. The quantities listed in
Table 1 would be the maximum quantity involved and

would dilute to non-toxic levels of concentration within

the area affected by theemergency 1anding.
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The ammonium perchlorate in solid propellants is
mixed in a rubber binder and would thus dissolve
slowiy. Toxic concentrations would be expected only
in the immediate (within a few feet) vicinity of the
propellant, if they occur at all. As noted in
Table 7, the toxicity is relatively low (high maxi-

mum allowable concentration).

In summary, water pollution resulting from the opera-
tion of space shuttle vehicles 1s expected to be
insignificant even for worst-caée situations involving
highly unlikely comblnations of events. Even should
such a situation occur, the effects are not persistent,

i.e., the materials will disperse rapildly.
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L, ©Noilse

Source and Nature. The major source of noise asso-

‘ciated with the space shuttle program will be the

noise generated by the rocket engine exhaust flow

during engine tests and launches. The nature of this
noise may be generally descrilbed as intense,~re1ativeiy
short duration, and spectrally composed of predominantly

low frequency energy.

The sound pressure levels anticlpated during the launch
of the space shuttle are presented in Table 8. These
are the peak overall sound pressure levels (OASPL) in
decibels (dB) referenced to (Re:) 0.00002 newtons per
square meter (N/m?)(0.00000042 psf) in the ground plane
at the indicated distances from the launch site, and
were computed using the currently available shuttle
trajectory. The peak OASPL's are achieved only momen-
tarily with the acoustic energy gradually increasing
until the peak level is obtained and then gradually'
decreasing with flight time. Total duratioh of the
nolilse level around this peak_is two minutes or less.
The peak frequehéy bf the energy spectrum 1s also indl-
cated in Table 8.
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Table 8
PEAK OVERALL SOUND PRESSURE LEVEI:, ANTICIPATED
FOR SPACE SHUTTLE LAUNCH
Ground Plane Environment
(Duration - 2 minutes or less)

Distance from Peak Overall Sound Octave Band Peak

Launch Site Pressure Level, dB Frequency
Meters Re: 0.00002 N/m Hz
3,000 (10,000 ft.) "133 30
6,100 (20,000 ft.) 124 20
12,200 (40,000 ft.) 117 10
21,300 (70,000 ft.) 112 5
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Extensive research on the effects of noise on man and
structures has been gonducted. These research studies
have provided some means to establish realistic damage
and annoyance criteria. The environmental effect of
ﬁoise presented herein are provided for two regions
surrounding the space shuttle launch site, controlled
and uncontrolled areas. The controlled areas are those
areas Iin which personnel and facilities are under direct
~ government contyol, i.e., government-owned land and
buildings. Uncontrolled areés are those regions which

are not under direct government control.

Environmentai Effects - Controlled Areas, Damage risk
criteria-for personnel in controlled areas are preseﬁted
in Table 9. These criteria concern the physiological
damage, i.e., hearing or body damage, which may result
if the sound pressure level magnitude and duration in
the indicated frequency range is exceeded. The criteria
are considered valid for personnel with no protection
for a single daily exposure. Space shuttle operational
personnel within this areé will be protected sc that
these 1limits wiil not be exceeded. Throughout the
Apollo Saturn V Program, which generates frequencies and

intensities of the same order as the space shuttle,
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Table 9 15
DAMAGE RISK CRITERIA (a) FOR CONTROLLED AREAS(°)
(Physlological Damage -
No Protection Single Dally Exposure)

Frequency Duration SPL, dB
Range (Hz) (Minutes) Re: 0.00002 N/m@
1-20 - - (b)
20-100 20 135

100-6,300 . 8 125, dBA (c)

(a)Level and duration not to be exceeded or damage will
result.

(b)No criteria has been developed for this area. Refer to

reference (15), paragraph 7-3.1.2, page 7-41, for physio-
logical effects of high intensity, low frequency acoustic
energy.

(c)dBA; measured with an "A-welght" frequency network.
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operational observers have been stationed 3,500 meters
(11,500 feet) from the launch pad in .a -small enclosure,
‘and emergency creﬁs are located approximately 550 meters
(1,800 feet) from the 1aunch‘site in standard armored
pérsonhel carriers. None of these personnel have

suffered injury.

Structural damage 1s possible with low-frequency, high-
intensity noise. Therefore, structures within the
controlled area wlill be designed to withstand the noise

environment to which they are to be exposed.

Environmental Effects - Uncontrolled Areas. For these

areas, a general noise exposure crilterion of a maximum
overall sound pressure level of 115 dB, Re 0.00002 N/m?,
for both man and structures has been established by the
Launch and Landing Site Review Board. Normally, the -
acoustic energy which propagates into this region is of
low frequency content, i.e., 100 Hertz and below. For
~acoustic energy in this'frequency_range, the 115 dB
OASPL criterion is considered acceptable and has been
substantiated by_pefsonnel and community noise exposuré
experienced during Saturn IB and Saturn V’launches(15)
and analysis of structural damage from low frequency

(16)

noise.
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There is a general lack of information on the effects
of noise (including sonic boom which is discussed in

(17) It is evident that

the next section) on wildlife.
under certain condltions there may be some ecologlcal
'effects, particularly when new noises enter wlldlife
habitats. At the same tlme, certalin species seem to

show adaptation to nolse.- The present state of knowledge
in this area is 1ncomplete. For the space shuttle test
and launch and landing sites where high intensity noise
1s generated in the proximlty of the vehlcle during

tests and launches, some willdlife may be affected.

Based on experience wlth rocket engine tests and sbace

launches to date, particularly during the Apollo proé6-

gram, no significant effect 1s foreseen.
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5. 8Sonic BRoom

Source and Nature. As any body moves through the air,

‘the alr must part to make way for that body and then
close itself once the body has passed. In subsonic
flight, pressure signals (precursor waves which travel
at the speed of sound) move ahead of the body to fore-
warn of its approach and the parting of the air and the
passage of the body is a smooth process. In supersonic
flight, precursor waves cannot precede the body; the
parting process is abrupt. A& bow shock wave parts the
air which expands as it passes around the body and then
_ a trailing shock wave recompresses the air as it closes
behind the body. These waves travel through the atmos-
phefc as pressure waves and, because of the abrupt
noise they generate when passing an observer, are called
sonic boom, This general pattern of bow‘shock wave,
expansion region, and recompression shock is idealized
as the N-wave signature commonly associated with the

sonic boom. The phenomenon occurs for all supersonic

flight. (See Figure 8 for nomenclature.)

The abruptness of the pressure changes 1s responsible
for much of the concern about the sonic boom. It gives
it the startling audibility and dynamic pharactéristics

of an explosion, and even at great distances from the
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Figure 8
CLASSIC N-WAVE ILLUSTRATION

The sonic boom disturbance, generated by the traverse of
- the shock wave created by supersonic flight across the
surface of the ground may be represented by the classlcal
N wave as 1llustrated below,
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Four pargmeters describe the N wave - rilse time, g5 over-
pressure AP; period, T; and the lmpulse under the wave.
These parameters, in turn, influence the reaction of
people and structures to the disturbance. The character-
istics of the N wave are a function of the aircraft
(weight, shape, 1ift and volume), its operational charac-
teristics (velocity, altitude, flight path angle, etc.)
and the atmosphere through which 1t propagates (turbu-
lence, temperature, winds, etc.). The near field
disturbance for aircraft has a more complex shape caused
by secondary shocks. As these dilsturbances propagate
away from the source, however, the dlsturbance tends
toward the classlical N wave distributilon.
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vehicle where pressure levels produced are physically
harmliess, some public complaints are received. Sonic
‘boom is likely to be of concern in shuttle operations
because segments of the trajectories followed during
éscent and descent involve supersonic flight within

the atmosphere.

The characteristics of the.shock pattern at its source
are influenced by flight path characteristics, i.e.,
altitude, speed, angle of attack, flight path curvature,
and accelerations either along or transverse to the
flight path -- and body characteristics such as blunt-
ness, weight, exhaust plume characteristics, and volume.
The preséure signature that reaches the ground is subject
to the additional factors of air turbulence, winds, and
temperature variations of the atmosphere traversed by

the pressure wave in addition to certain of the flight

path characteristics.

Maneuvers associated with aircraft flight can result in
focusing of the shock waves over small areas of the
surface where overpressures may be greater than they
would be for level flight. Focusing cannot be predicted
by theory; however, flight test data for aircraft indi-

qate that the pressures can be as much as two to five



times higher in the focus zone than outside. Similar
phenomena occur briefly during the boost phase of

space launches.

Extensive knowledge of these factors developed by past
studies of conventional supersonic alrcraft provided
much of the basic Information required for prediction
of the sonic boom pressure patterns (1.e., footprints)
of the shuttle. Iﬁ was necessary, however, to extend
this basic knoﬁiedge by additional studies and experi-
ments so that it would apply to the shuttle shape and
the extremely high speeds and altitudes-at which it

operates.

To accomplish the additional studieé required, a Sonic
Boom Panel was formed within the Shuttle Aerothermo-~
dynamics Technology Working Group. The panel made
extensive use of NASA's experience (over 20 years) in
this field and successfully extended alrcraft experience
to the regime of shuttle operation. This success was
shown by the prediction (and subsequent verification

by measurement) of booms from an Apollo spacecraft.(;B)

Environmental Effects. The extenslve past work on the

effects of sonlc booms of varied characteristics and
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intensities provides the guide to requirements for
shuttle operations., A particularly useful reference is
the authoritative summation of this work by the Inter-
nétionai Civil Aviation Organization (ICAO).(lg) In
its review of the effects of sonic booms, the ICAO
found:

1. The probability of immediate direct injury to
persons exposed to sonic .boon is essentially zero.

2. The percentage of persons queried who rated
sonic booms occurring 10 to 15 times daily as annoying
inéreased with increasing overpressures. For over-
pressures less than about 24 newtons per Square meter
(N/m?)(one-half pound per square foot), no one rated
the boom as annoying; about ten percent considered
08 N/'m2 (one psf) sonic booms annoying and nearly all
considered 144 N/m2 (three.psf) booms annoying (Figure 9).

3. Primary (loadbearing) structures meeting
acceptable construction standards or in good repair
showed no damage up to overpressures of about 950 N/m?
(20 psf). Nonprimary structures such as plaster, windéws
and bric-a-brac sustained some damage at overpressures
of from 48 %o 144‘N/m2 (one to three psf).

4, Ground motions from sonic booms were found to

be of the magnitude caused by footsteps.
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Figure 9
SHUTTLE SONIC BOOM - ANNOYANCE
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These results provide general criteria against which to
consider. sonic booms generated by the space shuttle.
The annoyance criteria are conservative in view of the
expected low frequency of shuttle flights (at most about
one per week). The shuttle generates sonic booms at
.three different phases of its mission: ascent, boostef
reentry, and orbiter reentry. These are-discussed
separately in the following.

Ascent. The ascent phase will create the largest
sonic booms of the mission asAa result of two distinct
effects. First, the overpressures that will be
experienced over the ocean during supersonic ascent will
be greater than those which might be expected from the
shuttle alone because of the rocket exhaust plume. This
plume increases the effective size of the vehicle and
preliminary tests have indicated that the overpressures
may be double those of the vehlcle alone. Overpressures
as high as about 290 N/m? (6 psf) may be expected at
down-range locations, where the shock waves first reach
the ocean's surface on the ground track (approximately
60 km (33 nautical miles) down range). Nominal over-
pressures would then diminish both down range (to less
than 48 N/h? (1 psf) atb85 km. (45 nautical miles) down

range) and to either side of the ground track to lateral
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cutoff (to about 96 N/m> (2 psf). Lateral cutoff

occurs when the local gradient in the speed of sound
causes the ray path to turn to a horizontal orienta-

tion (parallel to the ground). No sonic boom disturbance
will occur between the launch site and the shock wave
touchdown point. The approximate sonic boom footprint

is shown in Figure 10.

The second effect is the focusing mentioned earlier caused
by ﬁhe longitudinal acceleration'and piltchover maneuvers
necessary for the vehicle to achieve orbit (Figure 11).
This results from the accumulatlon and reilnforcement of
pressure waves in the focusing region. This region is

‘a narrow area located along the touchdown line out to
lateral cutoff about 75 km (40 nautical miles) to either

side of the ground track (Figure 10).

With maximum overpressure levels as high as about 290
N/m? (6 psf) without focusing, and with focusing factors
from two to‘five, the possibility of overpressures on
the order of 1,440 N/m° (30 psf) cannot be ruled out at
the center of the focal zone and 480 N/m® (10 psf) at

lateral cutoff. The overpressures in the focal zone

will be limited to a very narrow region approximately
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Figure 10
ASCENT SONIC BOQM FOOTPRINT
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300 meters (985 feet) wide at the ground track and even

narrower out near lateral cutoff,

As far as 1s now known, this focused ascent boom appears

unavoidable; this consideratlon contributed to the
decision to employ a coastal launch site permitting
the ascent sonic boom to occur over the ccean. The
location of the focused boom will be predictable based
on a given ﬁrajectory and exlsting wind conditions.
Range Safety(go) designates a Launch Danger Zone for
each launch. This 1s a sea area and air space measured
from the launch point and extending down range along
the intended flight azimuth. The size ic based on phe
potential hazard to ships and aircfaft. Helicopter
and radar survelllance of this zone commences an hour
before‘launch. Should the overpressure levels be con-
sidered harmful, the locatlon of the focused boom will
be included in the Launch Danger Zone., Ships in the
area likely to be affeéted will be warned of impending
launches as 1is the practice for current launches.
Focused sonlc booms occur during the supersonic boost
phase of all launches, including Apollo launches, but
have apparently gone unnoticed because'they occur at

sea.



Boosteroﬁeentry._.After,separatioh;dthe-orbiter_

stage»cOntinﬁesftojC1imt enddthe.booeter5reentere‘the._,i .
atmosphere; During deeoentgethe sbent booster will
generate a sonic boom‘striking the’surfaoe over'aniareet,
from 280 to 370 kilometere (150 to 200 nautical miles) |
down range from the 1aunch site. In thie'area, maximum"
overpressures rise to levels between about 96 and 144

N/m° (2 and 3 psf) similar to that experienced with
‘current 1aunch-vehicles; This area of-maﬁimum_overe

_ pressure coincildes Qitn.the booster impact eree whioh

must be kept under surveillance to effect -booster reoovery

as is done for the»Apollo capsuie recorery.

Orbiter Reentry. Based on extensive analytical

work throughout the NASA and on an exhaustive experimental
program conducted by the Ames.Research Center, the sonic
.'boom.characteristios for thedreturning.orbiterbrehicle
have been determined. fNominal OVerpreesﬁres during
orbiter return will not exceed 2& N/m (one-half psf)
until the vehicle is within 650 km (350 nautical miles)
of the landing site. Overpressures'ofVQS N/m_ (one psf)
‘are exceeded at about 185_km.(100-nautica1 miles) from .
the landing site and the nominai.maiimun overbressures'

for any orbiter entry will not exceed 96 N/m~ (2.0 psf).
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Because of the infrequency of,exposure of the geheral
public to sonic boom‘in the past and to assess the

impact of future shuttle operations, it may be helpful

ﬁo relate the potentially annoying overpressures of

48 to 96 N/m2 (1 to 2 psf) to more familiar occurrences.
Such comparisons are valid for dilscussing annoyance,'
which depends chiefly upon peak overpressure and rise
time. (However, the tetal impulse of each of these other
_ phenomena 1s less than‘that of sonic booms, and the
comparisons are therefore not necessarily valid for
discussion of physical effects on structures.) Measure-
ments taken 1nside automobiles when shutting a door have
recorded overpressures of 170 to 190 N/m (3.5 to 4,0 psf)
for four-door sedans and station wagons and 360 to 410
N/m? (7.5 to 8.5 psf) for small compact cars. Over-
pressures of 72 to 96 N/m2 (1.5 to 2.0 psf) have been
experienced in the vicinity of sharp handclaps, with most
people being able to generate 48 N/m2 (1 psf) without
great effort. The bursting of a toy balloon and the
snapping of a tubeless automobile tire on the rim during
initial inflation can generate overpressures of the same

order as those for handclaps and auto door closlngs.

As noted by the ICAO(lg), experiments and studles have

nct been able to relate overpressures of up to about



dGN/m (2 psi) to damage in a definitive manner. 'The
_sonic boom characteristics associated with orbiter entry
are, therefore, chiefly in the range of nuisance or
'annoyance. The real annoyance associated with these low
-levels of overpressure is questionable because the
1c40{19) conciusions were based~on an estimated frequency
of 10 to 15 booms per day. The shuttle would fly only
about once each week, and sonic booms would be ’
experienced even at this frequency only in the immediate
area of the landing site (within about 75 km (40 nautical
miles)). Areas farther away would not be . expected to
experience booms exceeding L3 N/m (1 psf) more than a
few times per year due to the varying approach angles to
the landing site resulting from different orbital incli- o
nations and return opportunities. Thunderstorms occur A
in the KSC area at higher frequency than would shuttle
orbital reentries. With each thunderstorm containing'_
nearly 200 claps of thunder on the average, residents in
the vicinity of the KSC landing site hear thunderclaps
more than two hundred times as often as they will hear

sonic boomns.

Sonic Boom over Ocean Areas. The recent ICAO report(19)

states:

"Experience from Concorde test flights over
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water and many‘yéars of military flying over
the sea, in’particular near land where many
ships and small boats are found,‘has not
yielded any evlidence of human disturbance by

sonic booms at sea."

Sonic boom effects on marine 1ife may be estimated from
the pressure-wave intensity transmitted through the air-
water interface. Because the speed of sound in water 1s
approximately 4.5 times that in alr, for flights at Mach
numbers below about Mach 4.5, the transmitted pressure
disturbance is subsonic in water and decays very rapidly
with increasing depth.(al) For Mach numbers greater than
4.5 the shock wave is transmitted from the air into the
ocean as a supersonlc disturbance. 1In thls case, the
pressure fleld will propagate over longer distances and
decay less rapidly than in the lower Machvnumber case.
Nevertheless, the pressures would still be very small
cdmpared to hydrodynamic pressure. The subsurface pressure
assoclated with sonic boom of 1,440 N/h? (30 psf) over-
pressure 1s equivalent to the pressure from a-15 cm

(6 inch) wave. Then, too, the "rough" surface of the
ocean may well preclude this transmlsslon effect, which
has never been measured in the ocean. Marine 1life is

expected tc be unaffected.



6. Reentry;of Spent Booster Rockets and Orbiter Pro--
pellant Tanks ' A . _ ‘

‘Source and Nature, Both the spent booster and the orbiter

propellant tank will reenter the atmosphere during the -
course of each shuttle:mission, The spentvsolid rocket
‘motor boosterbcaSes williland.in the water hetweenilgs
and 370’kilometers'(lOOeand-éOO nautical miles ) down range :
from the launch sites and be;recOVered'andjreused. For
noreral recovery, ’landing would' ~}be at- low veloc'ities through
the use of.parachutes. The open ocean recovery areas
cannot be totally controlled (as if government property),
and thus warnings of impending 1aunches will be issued (20)
The same is true of areas betweentthe.launch.site-and
recovery zone-and‘within the rec0ver§ zoneiwhere inpact’.
could occur in an abnormal 1aunch situation. ‘Such impacts
coulo conceivably be at higher velocity (e B., with para-
chute failure) and include'local explosion and fire

involving‘preriously onburned'propellants-'

The orbiter propellant tank is carried into orbit by the
orbiter and is separated while they are in orbit At an
appropriate orbital position, the tank retrorocket will

be fired initiating reentry. Bsentry of the empty hydrogen/

oxygen tank is characterized by moderate heating rates
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and decelerations at high altitudes.A The heating and
deceleration forces typically will cause the tank to
break up into pieces of varying size, but will not
ordinarily cause compiete "burn-up." Therefore, a pre-
selected remote ocean area wlll be specified for conQ

trolled reentry of the tank.

Environmental Effects. The major potential environ-

mental effect of the hydrogen/oxygen tank reentry 1is

from possible physical impact of reentry debris fragments.
The rilsks are thought.to;be small; nevertheless, because
of the size of the expendable hydrogen/oxygen tank (each
empty tank will weigh about 31,800 kilograms (70,000
pounds), reentry will be controlled to a planned impact
in an announced preselected remote ocean area at a
specified time. The planning and controls whlch will be
exercised under normal operations are expected to elimi-

nate the probability of personal injury or property damage.

Should it be necessary to abort the mission prior to the
attainment of orbit, the hydrogen/oxygen tank will be
jettisoned to impact in a safe area. For an abort early

in the flight, the orbiter will maneuver to return to
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the launChvSitelaftéf”PléCihg'the tank~on“a;trajéctorﬁ

- to impact in a safe ocean or land area. Should this

maneuver not be possible, the tank will be jetuisoned

on 1its 1aunch trajectory and will impact ‘down range. As
in conventional U.S. space 1aunches, down~range impact‘
locations will,be'predicted.as a function of time from
launch for the ascent pnase and the trajectories cHOSen
to avowd hazards in the event of system failure. _For
an abort in the later stages of the ascent, 1t will be
possible to discard the.hydrogen/oxygen-tank~in the same

predetermined ocean location as for normzl missions.

Should the propellant'tank retrorocket fail, the tank
will still undergo uncontrolled reentry and disintegra—..

tion., The extent of this hazard has been considered and

is smail oasea on WOI’.LG—WlGe experience to date. nov\rever,

vthe reentry control system will be designed so that the

probability of reentryiof4the orbiter hydrogen/oxygenb

tank in this mode will be very small.

Te ﬁand Use

Large areas of land surrounding the launch and landing
site are required for supporting activities and to serve
as a buffer between these activities and the surrounding

community. At the Kennedy Space Center, and at Vandenberg

77



Air Force Base, maintenance of enQironmeﬂtalvstability'
has been stressed.. For instanCe,-at-Kennedy cltrus
groves purchased by the Federal Government as part of
the center are leased to growers by the Government and
continue to produce well., Much of the Center has been
deslgnated a wildlife refuge and 1s malintained by the
Department of the Interior. Discusslons have taken
place regarding the establishment of a Natlonal Seashore
on much of the northern portion of the Center. This
experience was included in the evaluation of candidate
space shuttle launch and landing sites, and activation
of the selected sites will contilnue to stress land-use

patterns which maintain environmental values.

8. Social, Cultural, and Demographic Effects

An activity of the size of the space shuttle program could
create change in communities affected by the various pro-
gram elements., Communities sﬁrrounding the launch site
would be affected more than others. As a result of the
declslion to use existing installations, no negative
effects are expected. Specifics will be provided as

necessary in appropriate institutional environmental

impact statements,
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9. Solid Wastes

The solid wastes gehefated~by-tneepfogram afe'asseciated;

with theieonstructicn of vehieles; equipmenﬁ,'and:facili- .

~ ties. Most of the wastes are of relatively high value

and are therefore recovered for recycling. Those which
are not to be reused will‘be dispoéed of, along'with»

sewage and other such wastes, in an environmentally

' acceptable manner appropriate to the site of the activity.
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D. ALTERNATIVES

During the evolutibn bf the space shuttle concept, alter-
native approaches héve been under continuous ¢onsideration
in terms of environmental, technical, and economic factors.
The ma jor alternativeé to the development of the new spa¢e~
transportation system described here fall into three
distinct categories. These are: (1) relying upon current
launch vehicle types and their derivatives for the missions
of the 1980's; (2) developing a two-stage hydrogen/oxygen-
fueled shuttle, with both stages piloted in an aircraft-
like manner; and (3) using liquid propéllants in an
unmanned booster stage. Envlironmental and other factors
of significance to the consideration of these alternatives
~are discussed 1n the following paragraphs.

1., Current Launch Vehlcles

The space shuttle can, when operational, economically
replace the currently used Delta, Atlas, Titan III, and
Saturn IB launch véhicles; To comparé the continued use

of such expendable launch vehicles with use of the feusable
space shuttle, it i1s necessary to establish a mission

model for each alternative which results in equal utility
of orbital systems, This has been done for a number of
different levels of activity(22)(23) and utilized 1n

extensive economic analysis;(2“) Typicaliy, the ratio of
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current expendable launches to shuttle launches for the
-'same orbital utility is just over one, with most expend-“
able vehicles being Titan III's (more than half of these
.'requiring solid propellant stages)

' The shuttle has a greater'payload capability than the
Titan III, H0wever,'for simplicity in comparingvenviron-
- mental effects, a given numberfofvshuttle missions can be
compared to the same number of expendable Titan III missions
.of which about 60 percent have a solid propellant stage.
With this mission mcdel the environmental comparison is
as follows: - | | |

(1) Atmospheric emissions of hydrogen chloride and
alumimum oxide would be about five times less ir current

expendable - vehicles were used.

‘ smaller expendable 1aunch vehicles would b lower than for
" the shuttle because of the relationship between sonic‘boom
and vehicle slze. Booster reentry sonic boom would be com-
parable for both systems. Reentry sonic booms would be
associated only with a'few recoverahlelpayloadswif expend-
ables were used. | ’ . ‘ |

(3) There would.he an increase in potential orbital
debris hazards resulting from the natural decay and reentry

of the expended spacecraft and upper‘stages that,would be
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left in orbit 1if current expendable.vehicles were used.
Reentry control of all df this material is ndt considered
technically feasible, even at greatly increased costs.
The corbiter propellant tank of the shuttle, the only
expendable element of the system, will be controlled to
reenter and be disposed of in a preplannéd remote ocean
area at a predetermined tihe. Further, the shuttle 1is
designed to recover objects from space and can reduce

hazards by removing space debris before it reenters.

The absolute environmental costs of the shuttle are
transient and small, as shown in the preceding sections.

Of far greater consequence are the lower costs of resources,
both natural and fiscal, associated with the space shuttle
program. Because all elements of the shuttle (except the
orbiter propellant tank) and many payloads are planned to
be reusable, one-half to one-third as much structural
material will be expended by the shuttle for each launch

as compared to a Titan III launch. Far smaller relatlve
amounts of valuable auxlliary materials such as copper,
gold, and silver will be’expended by the shuttle and its
recoverable payload than Titan III and its generaly expend-

able payload.



Lo‘ v fiscal costs have been conclusively demonstrated in
'econ mic studies. Appendix A contains a typical example :
~of the many: mission models used to test ‘the economics of
the shuttle program. This example assumes a mission model
of some 580-missionsbover the 12-year period of 1979-1990,
oroughly the same rate as for‘all:U.S. missions overithe-
past few years. AFor this case; development and utiliza-
tion of the space shuttle results_in savings‘of over $5 |
billion after amortization of total deVelopment-of the

shuttle and investment in mehicles‘and'facilities.

The laréer~potential.savings inpreSOurces; both natural

- and monetary, together with the absence of permanent v
- envircnmental 1mpacts, clearly demonstrate the overall cost-
effectiveness of theushuttle compared_to continued use of

the,current expendable vehicles;

2. Hydrogen/bxygen Reusable Flyback System

The design concept to which the studies ¥ initiated in 1970,
were originally addressed was a’ very large, fully reusable
system consisting of piloted boos»er and piloted orbiter
stages, with all propellants carried internally. _The
concept would have required major-technological advances
with concommitant technical risks; the development cost

(excluding facilities) of such a system would]have been

¥The scudies referred to in this section are listed in
Appendix C., _

83



over $10 billion.

Eﬁvironmental effects,of'this concept would have been
quite small, as noted in the flrst draft environmental
impact statement released in March 1971. The hydrdgen/
oxygen propellant mixture burns quite cleanly to produce
only water vapor. Such a system would impose a sonic -
boom pattern very similar to that expected from'the
currently proposed system.during ascent with equal or
greater overpressures expected. Booster return over-
pressures might be amellorated because of booster
maneuverability; orbiter dverpressures would be higher
because of the much larger orbiter size. No external
tanks would be utilized, and thus the controlied entry

of such tanks would not have to be considered.

The high total development cost and technical risks
implied annual development costs}as high as $2 billion
during the later 1970's. Studies were thus initiated
to determine 1f other, less costly but still cost-

effective and environmentally benign shuttle configura-

tions could be developed,

3. Evolution to the Current Shuttle

Studles* subsequent to those of the initial two-stage

¥The studies referred to in this section are listed in
Appendix C.
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- flyback concepf showed that theusize of the system and

its development cost could be greatly reduced through

‘the use of an external expendable}1iquid—hydrogen-tank
for the orbiter, with a small increase in operating

costs per ladnch. Fufther study shoﬁed'thatredditional
cost savings and.technicaldadvantages in the development
program ﬁould accrue if bbth‘the'liquid-oxygen'and liquid-
hydrogen for the orbiter were carried in an'external tank
Jettisoned froﬁeorbit. This change permitted the orbiter
vehidle'to be significantly smaller, thereﬁy simplifying
deveiopment and feducing‘substantially the development and
_procurement costs at the expense of.some additiohal in-

crease in the recurring cost per flight.

With theee mbdifications, shuttle development coste were
estimated to be between seven and eight billion dollars.
Environmental impact was essentially the same as that of
‘the mdre expensive, initial two-stage flyback concept
except for the new element of having to dispose of a
hydrogen/oxygen propellant tank from qrbit. It was
determined that the tank could be equipped for controlled
reentry to:a remote ocean area at a predetermined tiﬁe,

and that no significant environmental hazard would exist.

Additional studies indicated that further reductions in
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orbiter development costsvcould only be achileved at the
expense of compromising the objectives of providihg a new
flexible orbltal capability at low operational costs.
Thus, attention was turned to reducing development costs
of the booster. Consideration of the reduced-size orbiter
with external propellant tanks opened the possibility

that an unmanned ballistic booster could be effectively
employed, a posslibllity earller precluded by the larger

orbiter concept with internal tanks.

The ballistic unmanned boosters studled included both
pressure-fed and pump-fed liquid propellant boosters and
solid propellant boosters. The two liquids compared as
follows: o

(1) 1In the pressure-fed system, the engine would
have been a major new development. In thé pump—fed
system, it would have been a modified F-1 engine (the
engines used in the Saturn V booster).

(2) New manufacturing techniques would be required
for the pressure-fed booster; conventional techniques
developed for Saturn would be used for the pump-fed
booster.

(3) Major modification of facilities would be

required for the pressure-fed booster; to a large extent,
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existing facilities ¢ould be used for the pump -fed
booster with minor modifications.‘ _

(4) The stiff thick walls of the pressure- fed
.booster could withstand-a moderately high impact
velocity, and thus it lent 1tself to‘booster‘recsvery.
Recovery of the thin-walled,'pump—fed booster appeared
of much higher risk, |

(5) Environmental effects of both 1iqu1d systems

would have been the same.

It was conciudéd that the pump-fed system had cost advan-
tages and lower technicai risk in all aspects except the
recovery risk, which appeared large. Of the two iiquids,
the pump-fed concept was deemed more advantageous in

spite of the need to develop complex recovery‘systems.

The pump-fed liquid series burn¥* concept compares to the
solid rocket motor parallel burn** concept as follows:
(1) The 1iquid booster requires thrust vector con-

trol for control during,boost phase. The solld does not,

¥Series burn - the orbiter engines are ignited after
booster shutdown and separation.

*#*Parallel burn - the orbiter engines are ignited on the
pad and burn continuously through the boost phase and on
into orbit. The booster 1s ignited on the pad and boosts
to burnout, where it separates and reenters.
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as the orbiter engines would be firing simultaneously
- and provide sufficient control.

(2) For abort, the series-burn liquld system would
be conventional, as for Apollo. The solid system |
requires a nondestructive thrust terminatlon system.

Both systems would require an escape rocket for intact
abort of the orbilter.

(3) Acoustic noise and vibration level would be
higher outside the orbiter payload bay for the solid,
but manageable, _

(4) Providing recovery would entail major develop-
mental risks for the liquid but would be simpler for the
solid. More importantly, the net cost of ldsing é ‘
liquid booster would be perhaps 10 times greater than
losing a solid, Jeopardizing the ability of the shuttle
to attain low costs of recurrent operations.

(5) The solid booster system would be about 45,400
kilograms (100,000 pounds) lighter than the liquld booster.
Development costs of the solid are estimated to be about
$700 million lower than those of the liquid.

(6) Environmental effects for both liquid and solld
systems were about the same with one exception, propellants
and their exhaust products. The liquld booster would use

RP, a kerosene-like rocket propellant, and liquid oxygen,




~and 1tsfe#hau$£ products would be'chiefly carbon
monoxide, water vapbf, and carbon dioxide, along with
Smaller:quéntitiés 6f‘hydrdcarﬁons.énd ammonia.‘ Pro-
pellants for, and emissidns from;'the solid motors have
 been detailed in a preceding sedtiqn,'with the chief
-emisslions being-hydrogen chloride, carbon monoxlde, water

vapor, and aluminum oxide.

 In summary, it was determined that, of the unmahned
ballistic recoverable bqosﬁers, ﬁhe solid booster with
parallellburn would give the_loweSt dévelopment.cost,
less capitélvrisk per flight, and. lower techniéal risk
of'developmenﬁ; Environmental effects would be minor,
although it would be nécessary to impose additionzl cth

straints on launch associlated with the 1ikélihood of

ain
out the hydrogen chloride in solution as hydfochlorié
acid. These constraints,arevin addition to normél launch
constraints imposed by wind shears and othef factors.

The additional constraint has been deeﬁed aéceptable td
the meeting of program ObJectives, These factors led to
the seléction of the solid-rocket-motor booster, paréllel-

burn concept for the space shuttle.

The possibility of reducing total systems costs through
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reducing the size of the'bayload.bay in the orbiter

from 4.6x18 meters (15x60 feet) to 4.3x14 meters

(14xl5 feet) and reducing the payload capacity for a

due east lauhch from 29,500 kilograms (65,000 pounds)

to 20,400 kilograms (45,000 pounds) was considered.

The additional cost savings were estimated to be only
about $70 million in the development program, less than
11 percent of the total of abdut $5 billion. Further-
more, the orbiter with the smaller payload compartment
was unable to accommodate about 10 percent of the pro-
Jected civil_missions and about 37 percent of the pro-
Jected military missions for a typical mission model

for the perilod 1979-1990. Therefore, the smaller shuttle
~would have required retention of large expendable boosters
in the U.S. launch vehicle inventory for that period to
handle the larger payloads. Environmental effects would
be essentlially the same for both éizes of orbilter. How-
ever, the retention of expendable vehicles 1in the case
of the smaller orblter would imply continued expending
of certain mineral natural resources and a higher total

cost for U.S. space activities.
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- E, THE RELATIONSHIP‘BETWEEN THE LOCAL
SHORT-TERM USES OF THE ENVIRONMENT AND THE . .
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUGTIVITY

'Thevenvironmental effects of the shuttle @reAlocaiized
-and of relatively.shqrt duration. Although these effects
will limit the use of the immediate environment for the
"périod'immediatély before and after a launch, ﬁhére'is no
foreseeable adverse effect on long-term environmental
productivity. On thé'contrary, the space shuttle has
great»potential for 1mproving the management.of the

earth's environment and natural resources.

The space shuttle can provide the means.for launch and
recovery -of envirdnmental and'resource satellites expected_'
to be operational during the 1980's for various users
such as the National Oceanic and Atmospheric Administration
and the Departments of Interior and Agriculture. In addi-
tioﬁ, the shuﬁtle will permit continuing research and
development on improved systems by NASA and the user
agencies. Sclentific spéce shuttle missions would
invesfigate the interactions of the earth's environment
with the space enﬁirbnment and the sun. The benefits of
these programs would ﬁltimately be measured in terms of
gréater understanding of the processes that govern the

weather, improved prediction of weather and especlally
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weather hazards, monitoring and control of pollution,
and capability for inventory and managemeht of the
earth's resources on a natlonal and even a global scale.
Finally, productivity of the'space systems thehselves
would be greatly increased through the ability afforded

by the shuttle to recover, maintain, and reuse them.

With the shuttle in being, space flight's contribution

to man's environment will mature and become one of the
main tools in measuring, monitoring, and managing éarth's
conditions and natural resources. In summary, thils
Nation's short-term investment in thé space shuttle pro-
gram will result in a long-term improvement of the

global environment for future generations.



F. IRREVERSIBLE AND IRRETRIEVABLE.. .
' COMMITNENTS OF NATURAL, RESOURCES

The space shuttlé 6rbiterAreturnsvto earth ana lands
like an aircréft and the booster so0lid rocket moéors
are recovéred and reused. All-structﬁral élements of
the shuttle are retrievable with the. exception of the
external hydrogen/oxygen tank which is jettisoned in
fl;ght and disposed of in a remote ocean area. This
tank is constructed of.alumiﬁum and welghs approxi-
mately 31,800 kilograms (70,000 pounds). When the
shuttle is fully operatidnai, up to_50,df these tanks
will be expended each year. This expenditure of about
1.6 million kiiograms (3% million pounds) of aluminum
per year in thé 1980's may.be compared»to the annual
U.S. production of nearly 3.6 biilibn kilograms (8

billion pounds) in 1969,

The propellants used by both orbitef and boostef are
irretrievable. The orbiter consumes 558,000 kilograms
(1,230,000 pounds) of LOX and 95,300 kilograms (210,000
bounds) of H, per flight. It may also consume 3,700
kilograms (8,150 pounds) of N,H,, 8,500 kilograms
(18,700 pounds) of NyOys 1,820 kilograms (4,000vpounds)
of JP-5, and abproxiﬁately 68 kiiograms (150 pounds) of
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heliuh on'each flight; vThé orbiter also utilizes
s0lid rocket motors for flight maneuvering and these
motors consume 18,200 kilograms (40,000 pounds) of
solid propellants each mission. The solid rocket
booster consumes approximately 1,090,000 kilograms
(2,400,000 pounds) of solid rocket propellant for

each launch.

Propellants will also be consumed in ground testing
of the various propulsion elements. Approximate totals
for all development, qualification, and major ground
tests over the 6-year development'period are as follows:
LOX - 164 million kilograms (362 million pounds)
LH2 - 33.8 million kilograms (74.5 million pounds)
Solid Rocket Propellant - 7.7 million kilograms
(17 million pounds)
NoHy - 449 thousand kilograms (989.3 thousand pounds)
N,0; =~ 206 thousand kilograms (454 thousand pounds)

Natural gas 1s currently used to produce liquid hydrogen
for space missions. About 94 million cubic meters (3 1/3
billion standard cubic feet) of naturai gas per year
would be required to provide the liquid hydrogen for a
launch rate of 5C shuttle misslons per year in the 1980's.
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"~ This méy be compared_to the currenﬁ production'ofvébout
455 billion cubic meters (16 trillibn étén&éﬁ&’éubic
féet) and that expected for 1980 of about 710'biilion
cubic meters (25 trillion standard cubic feet).
Alternate liquild hydrogen production methods canAbe
developed if natural gas resources are lnadequate to

the totai national demand. Other méterials used include
glass, nickel, chromium, lead, titanium, zinc, copper,
and very small quantities of silver, mercury, gold, and
platinum., The abllity to recover andvreuse_booster and

orbiter avoids the loss of any significant quantities

of tThese materiais.
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G. COMMENTS ON ENVIRONMENTAL STATEMENT FOR
SPACE SHUTTLE PROGRAM

Comments 6n the firét dfaft environmental statement for
the space shuttle program (released March 1, 1971) were
requested from CEQ, OMB, EPA, DOT, DOD, and the State
Department. Comments on that draft were received only
from EPA. Comments on the second draft (released
April 19, 1972) were requested from CEQ, EPA, DOD, DOA,
DOT, HEW, HUD, DOI, DOC, OMB, State, AEC, NSF, and FPC.
Responses were recelved from DOA, DOT, DOD, DOC, DOI,
HUD, HEW, AEC, and EPA, All responses are included
in Appendix D.

A number of commenting agencies (HUD, DOI) suggested that
effects local to the launch and 1andiné sites be covered
in more detail. Local effecté will be described in
appropriate institutional environmental statements to

be 1ssued and circulated for comments as required by

CEQ guldelines.

Two agencies (DOT and DOC) raised questions about the
means to be used to warn mariners who might otherwise
be in the zone of focused sonic boom at the time of

space shuttle launches. Current NASA practice includes
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a highly effective monitoring and ﬁarning system deemed
sultable for future éhuttle operatibné.  This final
statement includes albrief description of‘thét system

. and a reference to the appropriate range safety document.

Thé Environmental Protection Agency suggested that the
final statement should ind;cgte,the‘relationshib between
the concentrétions of solid rocket motoriexhéust pro-
ductS’in the atmosphere and appropriate National Primarj
" and Sécondary'Air,Quality Standards. The'inforﬁation
has been added to the extent that 1t is availabile.

Peak concentrations of'carboﬁ monoxide,are well below
"the applicable standard for one-hour exposﬁre. While
beak coﬁcéntratiohs of aluminum oxide éxceed the Qh-hour
standards for'particulates, the‘ekposure would béifor'
only a few minutes,.and‘thus the Eh-hourAexposﬁre_would'
be below the applicable sﬁandard. Natlional standards

have not yet been promulgatéd for hydrogen chloride.'_

Programs of research and mdnitoring are suggested (oy
EPA, DOC, and DOI) to confirm the theoretically predicted
atmosphericzeffects of both launché and reentry;induced
constituents. Such programs'are already in beingrand'

will be continued as necessary. For example, NASA is
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participating with the DOT (and others) in the Climatic
Impact Assessment Program (CIAP) determining the effects
of minor, upper atﬁosphere constituents upon climate.
NASA has 1ts own program to determine the distribution
and effects of minor, upper atmospheric constitﬁents

and provides program results to the other agencles.

The recent Apollo 16 launch afforded the opportunity

to test experimentally the mathematical model used to
predict low altitude concentrations of emittants from
the rocket exhaust, and the results are presentiy being
analyzed. Such tests of the mathematical model will
continue and the model will be updated and improved as -
test results warrant. This is part of a comprehensive
program to better assess the diffusion in the atmosphere

of rocket engine exhaust emissions and thelr effects.

A research program, both theofetical and experimental,

is being conducted to determine the generation, trans-
port, and 1life time of chemical compounds and ions pro-
duced by the shock wave and through ablation during
orbiter reentry. Sufficient information is available

to indicate that such disturbances in the upper atmosphere
are highly local and short lived and that no adverse

consequences are likely. However, the program will be
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.puréued_to its conclusion to enSuré'that_no factors'»

have been overiooked.

Finally, gréhts to‘the Floridé.Technoloéy.Uhi&ersity.
and'the Florida Institute.of Technology have been made
to determine the baseline ecology of the Kennedy Space
Center environs. The ecological impact rélaﬁive‘to
this-béseline:of the actioﬁs taken»during'the space

shuttle program will be carefully monitored.
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APPENDIX A
SPACE SHUTTLE ECONOMICS*

l.v Justification

‘The Justification of the space shuttle 1s not based on the
details of space shuttle economics alone, It 1s a fact

that the shuttle 1s a good 1lnvestment and wlll make possible
significant savings In future space operations. But the
fundamental reason for developing the space shuttle 1s the
necessity tc have a means for routlne, quick reaction and
economical access to space and return to earth in order to
achleve the benefits of the scientific, civll, and military
uses of space that wlll be important in the decade of the
1980's and beyond. The space shuttle program is also the
lowest cost approach for providing a continuing useful capa-
bility for manned space flight and for maintaining a clear
U.S., presence in space.

2. Funding Requirements

a. The development cost for the space shuttle is now
estimated to be $5.15 blllion.

b. The additional investment costs for procurement of
production flight hardware and facilitles 1s estimated at
about $1.3 billion, on the reasonable assumption that the
initial inventory will include: 3 productlon orbiters, 2
refurbished orblters, and the initial production boosters.

¢. The total lnvestment, therefore, required to develop
the shuttle and procure flight hardware and provide facili-
ties will be approximately %6.&5 billion.

3. Implied Future Commitments

a. The full development of the shuttle, the initial
investment required, and 1ts subsequent operation, together
with a contlnuing well-balanced program in science, applica-
tlons, and aeronautics, can be supported at an essentially
constant total NASA budget level, i.e., about $3.4 billion
in 1971 gdollars.

b. The peak annual total funding level required for
the shuttle durlng the development period is estimated at
about $1.2 billion. As stated above, this will not require
an increase over the current total NASA budget level.

¥See reference (24) for a complete analysis of shuttle
economics,
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4, Relation of Shuttle Funding to Other Space Program
“Funding

a. There has been some confusion on funding levels
. required for the shuttle because some people have incor-
rectly counted the cost of future satellites and other
payloads and mission support in future years as a part.
of the development or investment costs of the space
shuttle system. In this way, figures of $10 billion or
more have been arrived at as the "true" cost of the
shuttle system. This line of reasoning seems to assume
that future satellites and payloads would be put in space
only because we will have a shuttle, or would be put in
space at a rate which is unreasonably high because we

have the shuttle, thereby leading to annual budget levels
far greater than current levels,

b. The facts are:

(1) The decision to develop the shuttle does not
entail an increased level of future expenditures for the

satellites and payloads it will carry or for conducting
shuttle missions.

(2) The scientlfic and civil and military appli-
cations missions the shuttle will perform will be the same
ones that would otherwise be launched by expendable

ko] 2
voosters, although the additlonal capabilities of the

shuttle will mean that many missions will be performed
differently and more effectively.

(3) After development, the cost of performing
these missions will be less with the shuttle than without,
because the shuttle will be @ more economical laurnch

vehicle and because payload costs can be reduced by reuse
and redesign.,

(4) Economical use of the shuttle, including
mission costs, is achievzble with total annual budgets for
space at substantially The current levels., Numbers of the
order ol $10 billion or. more, if correct at all, relate to
expenditures that would be spread over a long period of
time and which need not exceed the present annual levels.

5. Illustration of Expected Economles through Use of the
Shuttle ‘

a. A realistic combined mission model for NASA, DoD,
. and other users, one of several that has been studled,
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calls for some 580 missions over a 12-year period (1979-
1990), an average of less than 50 missions per year.
Models like this are not approved plans, but provide
assumptions to test the reasonableness of developing the
space shuttle from an economiec standpoint.

b. In this model, launch and launch-related costs
using exlisting conventional vehicles would be some $13.2
billion over those 12 years. Using the shuttle, the
total launch costs, including procurement of replacement
boosters, drop to about $8.1 billion, an economy of some
$5.1 billion.

c. The payload development and procurement costs for
this mission model would, for conventional launches, run
about $35.1 billion over these 12 years divided between
NASA, DoD, and other agencles. Because of payload reusa-
bility, design simplification, and lower risk factors,
the 580 shuttle missions would have payload costs of about
$26.8 billion. This 1s an economy of another $8.3 billion.

d. Therefore, the assumed 12-year fliﬁht program can
be carried out with the shuttle about $13.4 billion cheaper
than without, an average saving of over $1 bllilion per year.

e. The average total annual cost for launch and pay-
loads in the assumed mission model 1s about $4.0 billion
without the shuttle and about $2.9 billion with the shuttle.
These levels are compatible wlth the current levels of the
~ total space budgets for NASA, DoD, and other agencies.

6. Shuttle Amortization over 580 Missions in 12 Years

a. Investment in space shuttle,
including initial inventory, as
in Item 2 above (detalls shown
below): $6.45 billion

(1) Development, test, and pro-
curement of 2 orbilters and :
2 boosters (5.15)

(2) Refurbish 2 orbiters and
procure 3 more, including
engines, and initial pro-
ductilon boosters (1.0)

(3) Facilities for development,
test, and launch capability (0.3)
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b. Additional investments required :
~ to fly mission model assumed in o _
Item 5 above: _ $1.6 billion

C. Total development and investment
1972-1990 (sum of Items 6a and o :
6b) : ~ $8.05 billion

d. Net reduction in cost of 580
mlssions because of shuttle S
‘operations, as in Item 5d above: $13.4 billion

e. Twelve-year benefit saving
realized from shuttle investment ' v
(Item 6d minus 6¢): $5.35 billion

f. Thus, even if the space programs
of NASA, DoD,,and other agencies
terminated in 1990, the shuttle
would have more than paid for
itself by then.

7. Additional Points

a. The specific missions that justify the shuttle
are those that could and would otherwise be justified on
their own merits with conventional launch vehilcles; the

qhuttle malces them more of’f’enfixre and less ezpensive.

b. The shuttle 1s self- sufficient it does not
require a space station in order to meet the good invest-

ment criterlon, or to conduct: useful manned missions in
earth orbit.

_ ¢, Without the shuttle, the U.S. will have no program
of manned space flight after 1973.

8. Conclusion

Even though the primary justification for the space shuttle
is not economics, for mission models at current space
budget levels and similar to those now in effect the
shuttie investment will be returned with billions to spare.
If, as i1s likely, new useful and economically beneficlal
mission possibillities open up during the 1980's because

of the routine and quick access to space the shuttle pro-
vides, the investment will be returned many times over.
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- APPENDIX C

List of Study‘Cohtracts

Technical documents have been delivered to NASA in connec—
tion with the Space Shuttle system, engine, and solid
rocket motor study contracts listed below:

Contract

NAS 9-10960

'NAS 8-26016

NAS 9-11160

NAS 8-26362

NAS €-26341

NAS 8-28200
NAS

NAS 8-28217

NAS

NAS 8-28430

NAS 8-28429
NAS 8-28L28

NAS €-261¢&6

8~-28218

8-28431

Subject

Phase
Space

Phase
Space

Phase
Study, Space
Program

Study

Study
Pressure-Fed
Pressure-Fed

Pressure-~Fed

Solld Rocket

Solid Rocket
Solid Rocket

So0lid Rocket

B Definition Study,
Shuttle Program

B Definition Study,
Shuttle Program

A/B Definition

Shuttle

" Space Shuttle Definition

Space Shuttle Definition

Booster

Engines

Engines

Motors

Mofors
Motors

Motors

Space Shuttle Main

Engine Phase
Definition

B
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Contractor

North American

Rockwell Corp.

McDonnell Douglas

Corp.

Grumman Aerospace
Corp.

Tockheed Aircraft

-Corp.

Chrysler Corp.

Chryslier Corp.
TRW, Inc.,

Aerojet Liquid

"Rocket Company
‘Unlted Technology

Center Division of
United Alrcraft
Corp.

Thiokol Chemical
Corp.

Lockheed Propulsion

- Corp.

Aerojet Solid Pro-
pulsiocn Company

Pratt and Whitney



Contract

NAS 8-26187

NAS 8-26188

Subgect

" Space Shuttle Main

Engine Phase B
Definition

Space Shuttle Main
Engine Phase B
Definition '

Contractor

Rocketdyne Division,
North American
Rockwell Corp.

Aerojet Liquid
Rocket Company



APPENDIX D

RESPONSES TO DRAFT ENVIRONMENTAL STATEMENT
'FOR SPACE SrIUTT'LE PROGRAM
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ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF TRE
ADMINISTRATOR

_ EPA-Th
October 5, 1971

Mr. Ralph E. Cushman
Special Assistant
Office of Administration
National Aeronautics and
Space Administration
Washington, D.C. 20546

Dear Mr. Cushman:

Our agency has completed the technical review of the draft
environmental impact statement on the NASA Space Shuttle Program.

In general, we believe that the most serious possibility for
adverse envirommental impact would occur in the event of an oper-
ational mishap leading to:

1) Chemical contamination of surface water,

2) Radiological contamination of surface water or the atmosphere.

We enclose our detailed comments on these and other concerns.

If you have any questions, please contact Mr. Jack Anderson of our
office,

Sincerely,

e P fons it

George Marienthal
Acting Director
Office of Federal Activities

Enclosure
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Comments on the (Draft) Environmental Impact
Statemant on the NASA Space Shuttle Program -

The draft statement should be expanded to include & complete
discussion of the various types of credible mission accidents and
an estimate of the probability of occurrence of each. The discus-
sion should be directed toward an assessment of the possible adverse
environmental cansequences inherent in such accidents and how these
consequences vary depending on where in the flight procedures they
occur (i.e. during the launch, at high altitudes, during orbital
operations, during reentry or landing phases).

Two possibilities which deserve particular attention are:

-~ Contamination of surface water by the intentional dumping
or accidental spillage of unburned jet fuel accompanying a mission

abort or reentry sccident. The statement should include information
concerning: : o ‘

1) The types of fuels likely to be involved;
2) The probable environmental fate of such fuels.

3) The nature of the chemical reactions and properties
of resulting chemical compounds produced when fuels
contact either salt or fresh water, particularly as
these compounds affect water quality and marine life.

4) The bodies of water likely to be affected.

A similar discussion should be included on any other noaradio-
active materials which are likely to be dispersed by -accident or de-
sign and are on board shuttle craft or boosters in sufficient quanti-
ties to pose an environmental hazard.

- Radiological contamination of air or surface water by the geci-
dental release of radioactive materials which could occur as a result
of the rupture of any vess=2l containing radioisotopes. Any type of )
equipment which contains significant quantities of radiocactive material,
whether it be a nuclear generator or experimental device, could pre-

sent a hazard. The environmental impact statement should provide de-
tails on the Following: ‘

1) Types and nature of all equipmenﬁ to be used in the space

shuttle program containing &ny type of radicactive mate-
rial.

2) The source terms for redioactive material. (i.e. the
types and quantities of isotopes; physical sta*e(s) of

material(s); modes, energies, and half- 11ves associated
with radioactive d=cay,
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Page O -fComments on the (Draft) Environmental Impact
_ - Statement on the NASA Space Shuttle Program

,3) The probable environmental fate of any radioactive
material released based on:

a) Physical form of material(s) released as a function
of the type of accident,

b) Amounts of material involved.

c) Point of release (i.e. geographical location and
altitude).

d) The meteorological or hydrological characteristics
of the region.

L) Estimated dose rates or exposures both on and off=-site
under "average" and "worst case" meteorological condit-
ions. Discussion should include a complete description
of monitoring, facilities, operational plans, personnel
and Lheir responsibilities; system performance capabil-
ities and limitations;

5) Accident contingency and radiological safety plans in-
cluding a description of the organization, operation,
objectives, and the response capabilities of all invol-
ved health agencies in addition to decontamination pro-
cedures to be employed in the event of a radioisotope
fuel spill.

In order to evaluate the total environmental impact of the pro-
ject, some discussion of the methods and techniques of generation of
liquid hydrogen from natural gas should be included in the impact state-
ment. Do these processes involve any venting of CO, CO2, or other gases
to the atmosphere and in what quantities?
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DEPARTMENT CF AGRICULTURE -
QFFICE OF THY SECRETARY
"WASHINGTON. D C. 20250

May 19, 1972

ez b

Mr. Ralph €. Cushman

Special Assistant

Office of Administration

National Aeronsutics end
Spcae Administration

Weshington, D.C. 20546

Dear Mr. Cushman:
Thank you for #llbwing us to revieﬁ the draft environmentsal
impact statement for the NAGA Space Shuitle Program. We have -
no comments.
We notevthgt questions of land use cultural, social, end
demdgraphic effects are tb be treatedvas_necéssary in institutional

environmental impact statements.

Sincerely,

T, C, BYERLY /
Assistant Director
Science and Education
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OFFICE OF THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20590

ASSISTANT SECRETARY
MAY 15 972
Mr. Ralph E. Cushman '
Special Assistant
Office of Administration

National Aeronautics and Space Administration
Washington, D. C. 20546

Dear Mr. Cushman:

My staff has reviewed the draft environmental impact statement for the
space shuttle program. On the basis of their report, I have no adverse

. comment, in view of the precautions which are promised to warn merchant
mariners and recreational boaters of the high overpressure that will be
experienced from the sonic boom that will occur over the ocean in the
focus area 60 kilometers down range from the launch site.

In view of the scale of the down range overpressure, it is suggested that
the final statement identify in more detail the advance warning precautions
"and steps to be taken to monitor their observance.

tant Secretary for
onment and Urban Systems
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ASS!STANT SECRETARY OF DEFENSE
WASHINGTON D.C. 20301 -

HEALTH AND -
ENVIRONMENT

g JUf;»is?z -

Mr, Ralph E, Cushman

Special Assistant

Office of Administration :

National Aerohautics and Spa.ce o
: Administration

Washington, D. C. 20546

Dea.r 'Mr. Cushman:

The Draft Env1ronmenta.l Statement on the NASA Space Shuttle
Program has been reviewed.

~ The Department .of Defense concurs in the goals of the Spacé'
 Shuttle Program and concludes that the statement provides an
adequate eva.lua.tion of the environmental effects.

_ Detailed comments suggested by the Depa.rtment of the A:Lr For
are a.ttached.

- Sincerely,

.' - A, Busterud -
Deputy" s:.stant Secreta:ry of Defense
‘ ' nmonmental Quallty)
At“bachmen‘c
a/s
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AIR FORCE SUGGESTED CHANGES
TO THE
DRAFT LNVTRONMENTAL STATEMENT - NASA SPACE SHUTTLE 'PROGRAM

1. Page 4, Line 2:

Delete "from scven to 30 days"
Add "up to 30 days"

Specific Department of Defense missions are of
shorter durations than seven days (e.g., a one orbit
mission).

2. Page 18, Line 9:

Delete "Appropriate warnings will be issued prior t04
each reentry.' 4

[ )
Although appropriate warnings will be issued
whenever possible the nature of certain Department of
" Defense missions preclude the issuance of such warnings
for these missions. However, warnings covering specific
areas and extended time periods can be issued.

3. Page 76, Line 5:
~ Delete "small"
The word small is misleading in this context and
not necessarily factual as operating costs are not that
well known at the present time.

{4, Page 86, Line 26:

Delete Para. &4o(3)

It is not clear that this paragraph is true when
applied to specific Department of Defense missions.

Attachment 1
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THE ASS!STﬁNT SECRETAQY GF CGMMEE%
Wasshington. DC 20230
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o

May 25,

Mr. Ralph E. Cushman

Sp601al Assistant :

Office of Administration _
National Aeronautics & Space
Administration _

Washington, D. C. 20546

Dear Mr. Cushmani

The draft environmental statement for the "Space Shuttle
Program, ' which accompanied your letter of April 19, 1972

has been received by the Department of Commerce for review
and comment.

The Department of Commerce has reviewed the draft environmental
statement and has the following comments to offer for your
consideration.

NASA states that there will be high overpressures from focusd
sonic booms in a smell area in the open ocean, . down range from
the launch site. The pressure shown in the report appears
large and we are not sure that present techniques for "clearing"
areas under rocket trajectories are adequate. With the pro-
posed frequency of launches, the problem could become real.

We suggest that a more active plan for patrolling and clearlng
hazardous areas might be given consideration. ,

While the ascent phase for this vehicle as proposed in the
NASA Space Shuttle program is not significantly different from
normel space missions of the type heretofore flown, the re-entry
phase is quite different. Because the reuseable orbitor is a
winged vehicle, it will re-enter at a substantially shallower
angle than a ballistic type of re-entry vehicle and will

spend a much longer period .of time in the upper layers of the
atmosphere. During the re-entry, it will, as the impact study
notes, produce nitric oxide and leave certain metallic resi-
dues in the atmosphere. The degree to which the nitric oxide
is formed will depend stronglv on whether the ablating mate-
rial of the nose cone is catalytic or anti-catalytic with
regard to the recombination process which produces the nitric
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oxide, so that the amount produced will be a function of final
veiiicle design as well as {'light profile. These are two ques-
tions of concern with regard to env1ronmental 1mpact on the
upper atmosphere:

a) Do we fully understand the range of recombination
processes which may affect the neutral upper atmos-
phere:

') Has the effect of the re-entry profile with regard
to the level of icnization in the upper atmosphere
and the generation of traveling ionospheric dlsturb-
ances been explicitly considered.

With regard to the first question, we know from laboratory
experiments that a great variety of metastable compounds can
be produced in the upper atmosphere: helium compounds, for
example. We are curious as to whether the full range of such
products has been considered in the study.

As to the second topic, we feel that the question should be
raised as to the effect of the proposed re-entry profile on
ionization levels in the upper atmosphere, particularly in
the vicinity of the D, E, and F levels of the ionosphere.
While the amount of ionization which will be produced by such
a re-entry may be small, so is the total number of charged
particles present prior to the re-entry. Is there any possi-
bility that sufficient change in ionization level may be
created to cause a significant effect on telecommunications
or in solar-terrestrial relationships? Similarly, will the
traveling ionospheric disturbances produced by the re-entry
have a significant environmental effect?

We suggest that answers might be sought during the course of
the program through suitable research. If the answers are
already known then they could be presented in the statement.

We hope these comments will be of assistance to you in the
preparation of the final statement

Sincerely,

R ollen

Sidney R. Galler
Deputy Assistant Secretary
for Envirommental Affeirs

11¢




- United States Department of the Interior

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

:Juﬁ é ﬁﬂZ
'~ Dear Mr. Cushman:

Thank you for pfoviding,us with the opportunity to comment
on the draft environmental statement on the NASA Space Shuttle
Program (ER-72/u492).

In general the statemernit presents a broad analysis of the

various environmental impacts such as noise, rocket exhaust,

and fuel loss resulting from testing, launching, and recover-

ing the space shuttle. Although some detailed information is .
- given, an adequate analysis of the various environmental effects
will require the reader to assimilate much of the material listed
in reference Appendix (B) and ir various footnotes. We feel that
the statement would be much improved if the pertinent detailed

information were summarized in the statement itself. Specific
~comments follow:

No information is provided directly about the loss rate of the
products of combustion from the stratosphere and higher layers
(except particulates) either tc outer space or lower atmospheric
layers. Without such information, it is difficult to judge
long-term compositional changes in the most rarified layers of
the atmosphere resulting not only from this program but also
from other space activities by this and other nations. A moni-
toring program might be proposed to provide information on loss
rates of various species from these layers.

Reference is made to a private memorandum to NASA (Appendix (B),
reference 10). It would be good policy in a statement of this
sort to use only supporting documents which are available to
the public and have had an opportunity to be subjected to the
scrutiny of scientists and engineers competent in the field.

‘The last line on page 79. "Leaching" is an extractive treatment
of solids. "Scrubbing" would be a more accurate term for the
meaning intended. ‘ ' ‘

The financial analysis presented in Appendix (A) is overly
simplistic and does not apply discounted cash flow.
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We believe that the subject project would affect only local
populations of wildlife. However, we wish to point out the
inaccurate assumption, on page 45, regarding the use of fish
toxicity data. Data generated from toxicity studies involving
fish should not be applied to birds.

Because launching, re-entry, and orbiter landing ranges are

not identified for program operations at either Kennedy Space
Center or Vandenberg Air Force Base, we are unable to determine
whether or not the proposed Space Shuttle Program would have
any adverse effects upon existing, proposed, or known potential
units of the National Park System and historiec, natural, and:
environmerital education sites eligible or potentially eligible
for registration in the National Landmark Programs.

For the expansion of existing facilities or the development of
additional facilities at both Kennedy Space Center and Vandenberg
Air Force Base, a detailed analysis of new construction and program
operating effects upon natural, cultural, and esthetic environ-
mental resources at the project sites and identification of pro-
ject effects in terms of the five aspects of environmental

analysis described in Section 102(2)(C) of the Natlonal Environ-
mental Policy Act of 1969, would be appropriate.

In determining program effects upon natural and cultural values,
surveys of natural, archeological, and historic resources may
be needed to: (1) determine whether or not such values are
present and, if so, their significance and extent; and (2) pro-
vide a basis for evaluating impacts.

The final statement would, also, provide an appropriate opportunity
to indicate compliance with the National Historic Preservation

Act of 1966 (80 Stat. 915), especially regarding consultation

of the National Register of Historic Places as provided for in
Section 106. The criteria for use in determining whether the
project affects sites listed on the National Register is avail-
able in the Federal Register of March 15, 1972.

We suggest, also, that the final environmental statement offers

a desirable opportunity to discuss agency response to Section 2(b)
of Executive Order 11593 of May 13, 1971, entitled "Protection
and Enhancement of the Cultural Env1ronment."

Since S,

. ) P

Deputy *ssistant Secretary of the Jnterior

Mr. Ralph E. Cushman, Special Assistant
National Aeronautics and Space Administration
Washington, D.C.
20546
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DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
WASHINGTON, D. C. 20410

OFFICE OF THE ASSISTANT SECRETARY FOR

IN REPLY REFER TO:
COMMUNITY PLANNING AND MANAGEMENT

MAY 251972
Mr, Ralph E. Cushman |
Speciel Assistant
Office of Administration

Netional Aeronautics & Space Admlnlstratlon
Washington, D. C. 205L46

Dear Mr, Cushman:

This is in response to your request of April 19, 1972, for comment on
the draff environmental statement on NASA's Space Shuttle Program sas
required by PL 91-190 and the guidelines of the Council on Environmental
Quelity. It is noted on page 2 that the "stetement is limited to &
treatment of the space shuttle as a transportation system for rapid,
.eaSy access to spece for men and equipment, and covers the environmental
effects associated with its development end eventual operations.”

HUD defers to other agencies for environmentel impacts essocisted with

thermal and air pollution, atmosPheric effects, and safety from Jjettison-
ing, ' :

HUD 1s int
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1. Historically, Federal programs have often resulited in disorderly
growth and development of communities around Federal installations. The
environmental impact statement for the space shuttle is incomplete in
this regerd, and cannot be considered complete until these environmental
conseguences are analyzed, Careful land use planning is essentisl. Not-

. withstending page 19 to the contrary and brief references on page 70, we
believe these analyses of expensions or modifications as a result of the
space shuttle program should be circulated in draft to selected Federal
agencies and local A-95 esgencies and made part of the final environmental
impact statement on the space shuttle program.

2. Tne treatment of noise effects is also incomplete. Tne steate-
ment notes on page 50 that the major scurce of noise is that generzted
by rocket engines during engine tests and launches, "The nature of this
noise may be generally described as intense, relatively ehort duration,
and spectraily composed of predominantly low frequency energy." Teble 8,
‘page 51, indicates dBA levels of 124 up to sbout b miles from the site

"~ and levels of 112 aBA up to 12 miles from the site. Table O conteins
daxage risk criteria for controlled areas which would permit 139 dBA for
20 minutes. -
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We do not, however, find local maps showing the contours of the verious

dBA ratings which will impact near each affected NASA installation as a
result of space shuttle activities or any indication of the extent to

which human settlements (numbers of persons and houses) would be affected
by this noise in either "controlled areas” or "uncontrolled areas." We
believe such analyses are essential both because NASA could become liable
under damage suits and becsuse HUD under its new noise policy circular
1390.2 (copy attached) directs HUD field offices to avoid insurance of, or
assistance to, new construction on sites with "unacceptable" noise environ-
ments as defined therein.

3. Similarly, the effects of the sonic boom of reentry upon human
settlements are not located geographically or discussed fully. This should
be done to the extent that the sonic boom will occur over land areas, If
no sonic boom will occur over land areas, this should be stated.

Thank you for the opportunity to comment on the environmental impact of this
important program, We look forward to discussing these points informally
before the final environmental impact statement is circulated.

Sincerely, ,
. ‘/}; ff"".!’l-(
g A
- /4’ / /ﬁzzﬂ,‘——‘*———““*—_—““

Richard H. Bfoun="

“ Acting Deputy Director,
Office of Community and
Environmental Standards

Enclosure
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DEPARTMENT OF HEALTH, EDUCATION AND WELF'ARE

--OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20201

JUN S w2

Mr. Ralph E. Cushman

Special Assistant

Office of Administration

National Aeronautics and
Space Administration

Washington, D. C. 20546

:Dear Mr. Cushman:

This is in response to your -letter dafed April 19, 1972,
wherein you requested comments on the draft environmental
impact statement for the NASA Space Shuttle Program.

This Department has reviewed the health aspects of the -
above program as presented in the documents submitted.

The program does not appear to represent a hazazd to
publlc health and safety.

The- opportunlty to review this draft enV1ronmental impact
statement is appreciated.

Sincerely yours,

M(té/(

‘Merlin K. DuVal M.D.
- Assistant Secretary for
Health and Sc1entific Affairs
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UNITED STATES .
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545
APR 28 W72

Mr. Ralph E. Cushman
Special Assistant
Office of Administration
National Aeronautics and
Space Adminigtration
Washington, D.C. 20546

Dear Mr. Cushman:

Please refer to your request for AEC comments on the following Draft
Environmental Statement: NASA Space Shuttle Program.

We have no comments on this Draft Statement. Thaik you for giving us
this opportunity.

Sincerely,

é.nr Rogers, i auctot

Division of Radiological and
Environmental Protection

ce: G. A. Blanc, REP
R. J. Catlin, DEA
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~ ENV(RONMENTAL PROTECT!ON AGENCY
WASHINGTON D.C. 20450

OFFICE OF THE

o JUN g 8-372 . ADMINISTRATOR

Mr. Ralph E. Cushman

Special Assistant

Office of Administration

National Aeronautics and Space
Administration '

Washington, D.C. 20546

Dear Mr. Cushman:

- Thank you for the opportunlty to review the draft
environmental impact statement prepared on the Space
Shuttle Program. Our detailed comments are enclosed.

In general, we agree that the Space Shuttle Program
can probably be conducted without unacceptable long-term
risk to the environment. Operatlons associated with this
program, however, may result in some short-term local
air quality and noise problems. We recommend that these

problems, identified in the enclosed comments, be discussed
in 'Fha finzal environmental stztement

R =1 3 Srllivvcdd o

If you have any questlons on our corments or on related
_env1ronmenta1 matters, please let us know.

Sincerely,

)J)/Xz%v—mﬂfw

Sheldon Meyers
Director
Office of Federal Activities

Enclosure
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DETAILED COMMENTS ON THE DRAFT ENVIRONMENTAL
IMPACT STATEMENT FOR THE NASA SPACE SHUTTLE PROGRAM

The draft statement indicates that the solid-fuel
booster system to be employed will emit large quantities
of hydrogen chloride (HCl), carbon monoxide (CO),
chlorine (Clj) and aluminum oxide (Al203). It is not
expected, however, that HCl, CO or Cl;, emitted in the
quantities specified, will present any significant
environmental problems unless vehicle launches occur
during adverse meteorological conditions such as: rain,
minimum atmospheric dispersion, or air stagnation.

The final statement should indicate what effect such
conditions would have on the ability of space shuttle
operations to meet the National Primary and Secondary

Air Quality Standards. In addition, the final statement
should discuss operational methods that could be employed
to avoid air quality problems. '

In our opinion, emissions of Al703 in particulate
form will result in initial down-wind concentrations
that will be substantially higher than levels specified
in appropriate standards. The significance of the
environmental impact due to Al03 or the persistence of
excessively high concentrations of this substance cannot be
determined from the information provided in the draft
statement. The statement indicates that the average
particulate size will be approximately 10 microns, but
fails to provide size distributions. Such information
should be provided in the final statement. In addition,
the environmental effects of the deposition of particulates
and the amount of land area likely to be affected, should be
evaluated in the final statement.

We recommend that NASA establish an environmental
monitoring program to confirm the theoretically predicted
emission levels and down wind concentrations of all poten-
tially hazardous gases and particulates. Also, we suggest
a monitoring program and additional studies be supported by
NASA to assure that the program will have no irreparable ad-
verse effect on the stratosphere. The final statement

should describe any such programs or studies that will be
instituted.

The draft statement does not provide information on
the actual impact of vehicle noise and sonic boom on
humans and wildlife. The effect of high sound levels on
the health and well being of all susceptable forms of
life near the launch complex or along the flight paths
should be described in detail in the final statement.
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The statement implies that the sonic boom over-
pressures arising from orbiter re-entry, ranging from
0.5 psi to 2 psi., will cause only nuisance or annoyance.
It has been obseérved during aircraft overflight studies,
- however, that nonstructural damage to buildings fre-
quently occurs as a result of exposure to sudden over-
pressures of 1 to 2 psi. 1In addition to providing more
details on this problem, the final statement should
resolve the apparent discrepancy that exists between the
assessments of the effects at sonic booms made on page 59
and page 69 of the draft statement.

The summary provided in the draft statement describes
the potential impact of the Space Shuttle Program as
"...small, ...local, ..., (and) controllable. With regard
to noise problems, however, no information is included on
the methods to be employed to control the extent of the
adverse effects. 1Information on these methods should be
provided in the final statement.
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